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MAMMALIAN TNF-a CONVERTASES 

TECHNICAL FIELD 

The present invention relates to mammalian tumor necrosis 
10 factor-a (TNF-a) convertase enzymes. More particularly, it relates to 
bovine, human and other TNF-a convertases, isolated nucleic acids and 
recombinant vectors encoding the enzymes, methods for making the 
enzymes, fragments or fusion proteins thereof using recombinant DNA 
methodology or chemicaL_.synthesis, and__jo.,_ methods for. using„the 

1 5 enzymes in screening systems to identify TNF-a convertase inhibitors 

for the treatment of various diseases, and nucleic acids encoding a TNF- 
a convertase. This invention further relates to antibodies, both 
polyclonal and monoclonal, which specifically bind to the TNF-a 
convertases, and to fragments and fusion proteins of the TNF-a 

2 0 convertases of the invention! 

BACKGROUND OF THE INVENTION 
TNF-a, also known as cachectin. is a 17 kDa (kilodalton) protein 
produced by cells of the monocyte/macrophage lineage, and by other 
cells. A variety of biological effects, both beneficial and deleterious, 

2 5 have been attributed to TNF-a. TNF-a is beneficial, e.g., in that it is 

believed to be a part of host anti-tumor defenses. It also produces 
detrimental effects, however, including, e.g., cardiovascular (shock, 
ARDS, capillary leakage syndrome), renal (nephritis, acute tubal 
necrosis), and gastrointestinal (ischemia, colitis, hepatic necrosis) 

3 0 effects, and effects on the central nervous system (fever, anorexia, 

altered pituitary hormone secretion). . In view of the foregoing, a 
consensus view has developed that TNF-a is a key mediator of 
inflammation (including inflammatory diseases such as arthritis) and 
mammalian responses to injury, invasion by pathogens, and r neoplasia. 
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The biosynthesis of human TNF-a proceeds by way of a 
membrane-bound precursor containing 233 amino acid residues [Wang 
et al.. Science 225:149-154 (1985); Muller et at., Nature 355 265-267 
(1987)], which is processed during cellular activation by cleavage of a 
76-residue peptide to produce the mature, secreted form of TNF-a 
The enzyme(s) responsible for this cleavage, called TNF-a convertase 
has until the present invention been elusive for most mammalian 
species. 

A putative TNF-a convertase, called PR-3, has been isolated and 
cloned from human neutrophils, and it has been suggested that this 
enzyme can be used in screens to identify TNF-a convertase inhibitors 

L e Lc Internati0nal Palent A PP lications Publication Numbers WO 
94/00555 and WO 95/24501. This enzyme, however, is not believed 
to be the physiologically relevant human TNF-a convertase because it 
is a serine protease, whereas the relevant enzyme is believed to be a 
metalloproteinase. Moreover, the source of the serine protease 
neutrophils, is not believed to be important in the production of TNF-a' 
and the serine protease does not cleave the precursor form of TNF-a 
(proTNF-a ) at the point expected for the physiologically relevant 
human enzyme. 

annrh^MP " ° L [Nature 70:218 ( I994 >1 have partially purified 
another TNF-a convertase from the human monocytic cell line THP-1. 

This preparation, however, was very impure, and little could be said 
about the nature of the TNF-a convertase in the crude prote.n mixture 
of Mohler et al. 

In view of the important role of TNF-a in many disease 
processes, there is a need for agents that can selectively block the 
biosynthesis of mature, secreted TNF-a. The search for 'such agents 
would be greatly facilitated by the availability of substantially pure 
mammalian TNF-a converses. ' 

SUMMARY OFTHF INVFNTTOM 

The present invention fills the foregoing need by providing 
materials and methods for identifying specific inhibitors of TNF-a 
convertase. More particularly, this invention provides substantially 
pure mammalian TNF-a converses capable of converting proTNF-a to 
the mature, secreted form. This invention further provides isolated or 
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recombinant nucleic acids encoding mammalian TNF-a convertases, and 
recombinant vectors and host cells comprising such nucleic acids. 

This invention further provides a method for making a 
mammalian TNF-a convertase, comprising culturing a host cell 
5 comprising a nucleic acid encoding a mammalian TNF-a convertase 
under conditions in which the nucleic acid is expressed. In some 
embodiments, the method further comprises isolation of the TNF-a 
convertase from the culture. 

This invention also provides polypeptides comprising a fragment 
10 of a TNF-a convertase having an amino acid sequence corresponding to 
the sequence of at least about 8 contiguous residues of the complete 
enzyme sequence. Preferably, the polypeptides comprise at least about 
12, more preferably at least about 20, and most preferably at least 
about 30 such residues. 

1 5 Still further, this invention provides fusion proteins comprising a 

TNF-a -convertase or a .polypeptide thereof covalently linked to a fusion 
partner. 

The present invention also provides antibodies, both polyclonal 
and monoclonal, that specifically bind to one or more of the TNF-a 

2 0 convertases or to a polypeptide thereof. Also provided are anti- 

idiotype antibodies, both monoclonal and polyclonal, which specifically 
bind to the foregoing antibodies. 

This invention still further provides a method of treatment 
comprising administering to a mammal afflicted with a medical 

2 5 condition caused or mediated by TNF-a. an effective amount of an 

antibody, or an antigen-binding fragment thereof, that specifically 
binds to a mammalian TNF-a convertase, and pharmaceutical 
compositions comprising such antibodies or fragments and 
pharmaceutical^ acceptable carriers. 

3 0 The present invention also provides a method for identifying an 

inhibitor of a mammalian TNF-a convertase, comprising: 

(a) contacting a mammalian TNF-a convertase in the 
presence of substrate with a sample to be tested for the presence 
of an inhibitor of the convertase; and 

35 

(b) measuring the rate of cleavage of the substrate; 
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whereby an inhibitor of the TNF-a convertase in the sample is 
identified by measuring substantially reduced cleavage of the 
substrate, compared to what would be measured in the absence of such 
inhibitor. 

Iir-a preferred embodiment, the contacting of the convertase with 
the sample ,n the presence of substrate occurs on the surface of a 
mammalian host cell comprising one or more nucleic acids encoding a 
mammalian TNF-a convertase and a substrate of the convertase. 

BRIEF PFSCRTPTTON f qf THF Frr.r rppg 

The present invention can be more readily understood by 
reference to the following Description and Examples, and to the 
accompanying Figures, in which: 

Fig. I is an elution profile from an HPLC column showin* DNP- 
proTNF-a cleavage products; ° 

Fig- 2 is a graphical representation of results from an assay in 
which human proTNF-a was cleaved by membrane-tvpe matrix 
metalloproteases MT-MMP1 and MT-MMP3; and 

Fig- 3 is a graphical representation of results from an assay in 
which cleavage of human proTNF-cc by MT-MMP1 was inhibited by 
varying amounts of an MMP inhibitor. 

DESCRIPTION OF THF INIVFlMTfONI 

All references cited herein are hereby incorporated in their 
entirety by reference. As used herein, the terms "proteinase" and 
protease" are intended to mean the same thing and are used 
interchangeably. So too are the terms "assay(s)" and "screen(s)". 

Characterization of TN fF-ot Convert,^ 

The mammalian TNF-a converses of the present invention are 
functionally characterized by an ability to process, through proteolytic 
cleavage, the conversion of the membrane-bound form of a precursor 
form of TNF-a, referred to herein as "proTNF-a", to the soluble, mature 
form. This processing entails cleavage of the first 76 amino-terminal 
residues of the human precursor protein, the entire sequence of which 
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is defined in the Sequence Listing by SEQ ID NO: 1. This sequence, 
taken from Human Cytokines, B. Aggarwal and J. Gutterman, Eds., 1992. 
Blackwell Scientific Publications, Oxford, pp. 276-277, is in agreement 
with the Swiss-Prot sequence, Accession Code: Swiss-Prot P01375. 
5 There is a conflict, however, with the corresponding GenBank sequence 
[Accession No. M10988; Wang et aL, Science 225:149 (1985)], which has 
a serine residue at position -14, instead of the phenylalanine residue 
shown at that position in SEQ ID NO: I. 

Regardless of whether one or both of these sequences is correct, 
1 0 as might be the case with allelic or polymorphic variants, cleavage of 
proTNF-a by the TNF-a convertases of this invention occurs at an Ala- 
Val peptide bond, resulting in mature human TNF-a having a valine 
residue at the amino terminus (i.e., beginning with the Val residue at 
position 1 of SEQ ID NO: 1). 

1 5 The foregoing cleavage point is different from that observed for 

the serine protease PR-3 mentioned above. Robache-Gallea et al. [J. 
Biol. Chem. 270:23688 (1995)) have shown that the serine protease 
cleaves between Val 1 and Arg 2 of SEQ ID NO: 1, thereby producing a 
mature form of TNF-a having an N-terminal arginine residue. 

2 0 The mammalian TNF-a convertases of the present invention are 

further characterized by their presence in cells that make TNF-a. They 
may be present in other cells *as well, however, and may even be 
ubiquitously expressed. Control could be exerted at the level of 
transcription of the proTNF-a message, or specific controllers of the 

2 5 TNF-a convertases could be present in different cell types. It is also 

not necessary that the TNF-a convertases cleave and process only 
proTNF-a; they could have other substrates as well. It also may be 
that different TNF-a convertases process proTNF-a in different cell 
types. Thus, one convertase might carry out processing in T and NK 

3 0 cells, while a different enzyme might function in macrophages. It 

therefore may not be necessary that a given TNF-a convertase be 
present in all cell types that make TNF-a. 

But apart from the requirement that a TNF-a convertase of this 
3 5 invention be present in at least one type of cell that makes TNF-a, 
whether the other possibilities discussed in the foregoing paragraph 
are correct or not is not essential to the invention. 

Tryptic digestion followed by amino acid sequencing of a peptide 
from a TNF-a convertase isolated from bovine spleen revealed that 
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enzymc to be further characterized by an amino acid sequence 
comprising a sequence substantially as follows: 

Met-Asn-Ser-Leu-Leu-Gly/Asp-Ser-AIa-Pro (SEQ ID NO: 2). 

This bovine enzyme is further characterized by behavior 
5 observed In various chromatograpnic systems du y beh ™ 

described ..„ detail in the Example below, and 'by an apP e 
oscular weight in SDS-PAGE under reducing conditions" of 

The present invention also encompasses another bovine TNF-a 

:z^; d e 0 =, from ° ther — ■«—■ 
i^jtzzt* of TNF "° c ~ as defined in - 

15 rFnTA, I '! 1 hi u it \ d by elh y |e "<''iamine l etr il acctic acid 

1 2 m ; r, hrei, °' ' DTT) ' '-'0-phen.n.hroline and or 

a-z macroglobuhn. 

(2) Not inhibited by serine, cysteine and acid protease 
mh.bitors. such as 100 u M captopril, 300 uM 
phosphoramidon, 100 uM thiorphan, 100 uM 
dichloroisocoumarin (DCI), I mM iodoacetic acid (IAA) 1 
ug/ml tissue inhibitor of metalloproteases- 1 (TIMP-1) 1 
Ug/ml soybean trypsin inhibitor (SBTI) l mM 

25 U o ^ I" 0 " M tranS - e P ox y su ^nyl-L-ieucylamino 

(4- g uan,d.no)-butane (E64; a thiol protease inhibitor). 

(3) Membrane-bound on THP-1 cells and on other 
monocytic-type cells and cell lines. 

(4) Cleave human pro-TNF-a at an Ala-Val peptide 
bond, to produce soluble, mature TNF-a. 



30 
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The proteins of the present invention are useful in rational drug 

n: r eens for ; he identincation ° f *»« .^2 

t " ut r 1 Pr0TNF " a t0 S0,Ub,e " matUrC TNF - ^ey have 

thjs utility because when introduced into cells used in the screens eg 

by transfect,on of nucleic acids encoding the proteins, the V produ e 
TNF-a convene activity which can act on an appropriate subs rat 
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described herein. Inhibitors can be identified by measuring inhibition 
of this activity. 

Some Definitions 

As used herein, the term "bovine TNF-a convertase'* in one 
5 embodiment means an enzyme having the above-mentioned 
subsequence and purification characteristics, or a significant fragment 
of such a protein which substantially retains the proteolytic activity 
and specificity disclosed herein. In another embodiment, -'bovine TNF- 
a convertase" means bovine ADAM 10 [GenBank Accession No. Z2196I; 
10 Wolfsberg et al. t J. Cell. Biol. 131:215 (1995)], which the present 
inventors have surprisingly found is a TNF-a convertase. It also refers 
to a bovine-derived enzyme exhibiting similar enzymatic activity 
which specifically binds to an antibody elicited against either of the 
bovine TNF-a convertases, or to a proteolytically active fragment from 
- -1-5- one of those enzymes. Such antibodies typically bind to a bovine or 
other TNF-a convertase with high affinity, e.g., with an affinity 
constant of at least about 100 nM, usually better than about 30 nM, 
preferably better than about 10 nM, and more preferably better than 
about 3 nM. 

2 0 Because bovine ADAM 10 is a TNF-a convertase and a 

comparison of its amino acid sequence with available sequence 
information on human ADAM 10 shows the two proteins to be 96% 
homologous, the present inventors believe that human ADAM 10 is also 
a TNF-a convertase as defined herein. 

2 5 Surprisingly, the present inventors have also discovered that the 

human membrane-type metalloproteases MT-MMP1 [Sato et al. t Nature 
370:6] (1994)], MT-MMP2 [Will et al., Eur. J. Biochem. 23 1 :602 (1995)] 
and MT-MMP3 [Takino et aL, J. Biol. Chem. 270:23013 (1995)] are also 
TNF-a convertases as defined herein. 

30 

The present inventors have further cloned a cDNA encoding a 
novel human protein. When transfected into mammalian cells 
otherwise incapable of processing human proTNF-a to soluble, mature 
TNF-a, this protein produces such processing. The sequence of this 

3 5 DNA, together with the predicted amino acid sequence, is substantially 

as defined in the Sequence Listing by SEQ ID NO: 21. 
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egment, e.g., of a TNF-a convertase which comprises a subsequence of 

bou 8. preferably a, leas, abou, 12. more preferably a, ,eas, abou, 
-0. and most pre fer abl y „ least aboul 30 or more 

, cd.,es,dues up 10 and includ i„ 8 lhe tolal „ umb e r of rcs - dues j"™ 
complete enzyme. 

The polypepiides of the invention can comprise any part of the 
mplete sequence of a TNF-a convertase. Thus' although co 
be produced by proteolytic cleavage of an intac, enzyme, they can also 

DMA t*™. 1 Sy, " heSiS ° r ^ aPPliCati0 " ° f reC0 ™ b '" 

orotic ^ " 0t ' imi,ed '° P»'ypeP«i«te. delineated by 

proteolytic cleavage sites. 

The term "analog(s)» means a TNF-a convertase which/has been 
mod.f.ed by deletion, addition, modification or substitution of one or 

.TeUc7„d° ^ m Wi,d - tyPe 6nZyme - U -compasses 

allelic and polymorphic variants, and also muteins and fusion proteins 
which comprise all or a significant part of a TNF-a convertase c 7 
covalently linked via a side-chain group or terminal residue* to a' 
different protein, polypeptide or moiety (fusion partner) 

Some amino acid substitutions are preferably "conservative" 
with residues replaced with physicochemically similar residues, such as 
Gly/Ala. Asp/Glu, Val/Ile/Leu. Lys/Arg, Asn/Gln and Phe/Trp/Tyr 
Analogs hav.ng such conservative substitutions typically retain 
substantial proteolytic activity. Other analogs, which have non- 
conservative substitutions such as Asn/Glu, Val/Tyr and His/Glu mav 
substantially lack proteolytic activity. Nevertheless, such analogs are 
useful because they can be used as antigens to elicit production of 
antibodies ,„ an immunologically competent host. Because these 
analogs retain many of the epitopes (antigenic determinants) of the 
w.ld-type enzymes from which they are derived, manv antibodies 
produced against them can also bind to the active-conformation or 
denatured wild-type enzymes. Accordingly, the antibodies can be 
used, e.g., for the immunopurification or immunoassay of the wild-tyoe 
enzymes. 

Whether a particular analog exhibits convertase activity can be 
determined by routine experimentation as described herein. 
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Some analogs are truncated variants in which residues have been 
successively deleted from the amino- and/or carboxyl-termini, while 
substantially retaining the characteristic proteolytic activity. 

Modifications of amino acid residues may include but are not 
5 limited to aliphatic esters or amides of the carboxyl terminus or of 
residues containing carboxyl side chains,- O-acyl derivatives of hydroxy! 
group-containing residues, and N-acyl derivatives of the amino- 
terminal amino acid or amino-group containing residues, e.g., lysine or 
arginine. 

1 0 This invention also encompasses physical variants having 

substantial amino acid sequence homology with the amino acid 
sequences of the TNF-a convertases or polypeptides. In this invention, 
amino acid sequence homology, or sequence identity, is determined by 
optimizing residue matches and, if necessary, by introducing gaps as 

1 5 required. Homologous amino acid sequences are typically intended to 

include natural allelic, polymorphic and interspecies, variations in each 
respective sequence. 

Typical homologous proteins or peptides will have from 25-100% 
homology (if gaps can be introduced) to 50-100% homology (if 

2 0 conservative substitutions are included), with the amino acid sequence 

of the TNF-a convertases. Primate species convertases are of particluar 
interest. 

Observed homologies will typically be at least about 35%. 
preferably at least about 50%, more preferably at least about 75%, and 

2 5 most preferably at least about 85% or more. See Needleham et al.\ J. 

Mol Biol. 45:443-453 (1970); Sankoff et al. in Time Warps, String Edits, 
and Macromolecules: The Theory and Practice of Sequence Comparison, 
1983, Addison-Wesley, Reading, MA; and software packages from 
IntelliGenetics, Mountain View, CA, and the University of Wisconsin 

3 0 Genetics Computer Group, .Madison, WI. 

Glycosylation variants include, e.g., analogs made by modifying 
glycosylation patterns during synthesis and processing in various 
alternative eukaryo'tic host expression systems, or during further 
3 5 processing steps. Particularly preferred methods, for producing 
glycosylation modifications include exposing the TNF-a convertases to 
glycosylating enzymes derived from cells which normally carry out 
such processing, such as mammalian glycosylation enzymes. 
Alternatively, deglycosylation enzymes can be used to remove 
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Z b :lT MS aUaChed dUri " 8 » »^.ic expression 

SU ch °a? er in a :: lo8s are ™r-° convertas " »od ifi c ati „„, 

as '"corporation of unnatural amino arirf 
phosphorylated amino acid residues IT u ° r 

phosphoserine „ r pho,pho,h W o ' „ "dl " ^ 
modifications include sulfonation, biotinviation or lhc 1 P °' en " al 

synthesir'o?^ 0 ' ™ F - K Prepa " d b * ""»<»1 

3 8 970V p Y k 8 S " e - d ' recled mutagenesis [Gillman e, aL.Oene 
MR P , " < "- A '«'«"««:731 (1987, or Innis (Ed, 1990 

ew rork, NY] or the polymerase chain reaction method [PCR- Saiki «, 

2 :z ( n 8 99 , !',; s r mp d H ; ied by ^ « ^ 

complete e„ Z ymes. '^IpC^^^^ 
recomb.nant products is envisioned. ««cct,on of 

General techniques for nucleic acid manipulation and expresston 
Z r era " y ' C m Sambr ° 0k ' " «' ■■"<*«"«" C - " ; 

l r;' (2d ed - > ' ,989 ' vo,s - ^ c ° w 

descrb d y for TeChn ,' qUeS f ° r ,he Sy " lh « is °f Polypeptides arc 
(1963) Mernf.eld. Sc i.»« 2J2.-341 (1986,; and Ather.on „ al So Z 

s^tfrr * pra " ic< " ^ roacK irl ^ ™ ■ 

the art or the r M "* ** ° f agentS '» 

s de o ps LT T? ' n Cr0SS - ,inki °« P™*« «h™gh reactive 
are free "™ "•nv.iiatio. s.tes with cross-linking agents 

free ammo groups, carbohydrate moieties and cysteine residues 

analog o t the a ™ r F e, : m i° n ° f '""^ "> «« f °-«°-g 

about sol I m COnVCr,aSeS Iyp,Ca "y enIails mention of a. leas! 

bou Z: and ^ ' eaS ' ab ° U ' ^ ">™ 'east 
80%, and most preferably a. leas, about 90% of the proTNF-a 

processing activ.ty a „ d ,or specificity of the corresponding ^pe 
As used herein, the term "isolated nucleic acid" means a n „rMr 
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components include but are not limited to ribosomes, polymerases, 
serum components, and flanking genomic sequences. The term thus 
embraces a nucleic acid which has been removed from its naturally 
occurring environment, and includes recombinant or cloned DNA 
5 isolates and chemically synthesized analogs or analogs biologically 
synthesized by heterologous systems. A substantially' pure molecule 
includes isolated forms of the molecule. 

An isolated nucleic acid will generally be a homogeneous 
composition of molecules but may, in some embodiments, contain 
1 0 minor heterogeneity. Such heterogeneity is typically found at the ends 
of nucleic acid coding sequences or in regions not critical to a desired 
biological function or activity. 

A "recombinant nucleic acid" is defined either by its method of 
production or structure. Some recombinant nucleic acids are thus 

1 5 made by the use of recombinant DNA techniques which involve human 

intervention, eith.er.Jn. manipulation or selection. Others are made by 
fusing two fragments not naturally contiguous to each other. 
Engineered vectors are encompassed, as well as nucleic acids 
comprising sequences derived using any synthetic oligonucleotide 

2 0 process. 

For example, a wild-type codon may be replaced with a 
redundant codon encoding the same amino acid residue or a 
conservative substitution, while at the same time introducing or 
removing a nucleic acid sequence recognition site. Similarly, nucleic 

2 5 acid segments encoding desired functions may be fused to generate a 

single genetic entity encoding a desired combination of functions not 
found together in nature. Although restriction enzyme recognition 
sites are often the target of such artificial manipulations, other site- 
specific targets, e.g., promoters, DNA replication sites, regulation 

3 0 sequences, control sequences, or other useful features may be 

incorporated by design. Sequences encoding epitope tags for detection 
or purification as described above may also be incorporated. 

A nucleic acid "fragment" is defined herein as a nucleotide 
sequence comprising at least about 17, generally at least about 25, 
3 5 preferably at least about 35, more preferably at least about 45, and 
most preferably at least about 55 or more contiguous nucleotides. 

This invention further encompasses recombinant DNA molecules 
and fragments having sequences that are identical or highly 
homologous to those described herein. The nucleic acids of the 
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invention may be opera5| , ink 

•ranscription, transition, and DNA replication. " C ° ntr °' 

Homologous nucleic acid seouenr,.*" .„ ... 
aligned and compared chihi, Se t qUenCeS are lh °« which when 

5 homology i„ nude c acidf T Similari ' ieS - Standards *» 

used i : y , he : b Ts «„r c : easures for hom ° i0 ^ 

conditions, which are J ^ " ^ Up °" "^idiatio. 

. men are described in greater detail below 

Substantial nucleotide sequence homology i, ' observed „ 
'here ,s identity in nucjeotide residues in ,«,„ "Served when 

' 0 complementary strands, when "!"». .» a i/neTT" 

Substantial homology also exists wh, n 
15 hybridize under selective h!h h ° nC SCqUCnce wil1 

Typically selective hvh I conditions to another, 

^.-.selective hybridization will occur wh™ ,1,. - 

about 55% homology over a stretch of at J 2o " 0 " ," T" 
preferably „ le as< about 65% over a stretch of a. ,e k *' 
nucleotides, more preferably a, leas, .bouTw !. " 
= 0 a. leas, about 90% over Lu. ^^idT "e TT ^ 
Nucleic Acids Res. 72:203 (1984). g "' Kanehlsa < 

The lengths of such homology comnarknnc 
longer stretches and in certain ^ofJ^Z^I 
al least about j 7 , preferab| „ , may cover a sequence of 

' *». - - preferably a,' ^2^™^^ 

homo, 7\T d : e„r; ,,0nS C T'° yed hybridi2ati °" S » ^ 
57 dre aependent upon factors such -ic cow 

temperature, the presence of organic solvents and h C ° n " ntrati0n - 
Stringent temperature conditions usually „c, ude °^ 
0 excess of about 30°C. often i„ excess of abou 3 "c "T"""* * 
of about 45°C D rer>rihi„ ■ .• ' 'yP ,cal| y "i excess 

■» preferably in excess ol about 55°c .» „„r. ,., • 
excess of about 6<i°r , ' more Preferably in 

S-ringen, ^L^Z!^ Z Tan^ fZ™ 
-ny Jess than about 500 mM . ^^J^.'^ £ 

- ~:r;air 0 h and 20 raM - - - — * 

euiui, parameters, however, s mor? . 

more important than the 
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measure of any single parameter. See, e.g., Wetmur et a/., J. Mol Biol. 
31:349 (1968). 

The term "substantially pure" is defined herein to mean a TNF-ct 
convertase or other material that is free from other contaminating 
5 proteins, nucleic acids, and other biologicals derived from an original 
source organism or recombinant DNA expression system. Purity may 
be assayed by standard methods and will typically exceed at least 
about 50%, preferably at least about 75%, more preferably at least 
about 90%, and most preferably at least about 95% purity. Purity 

1 0 evaluation may be made on a mass or molar basis. 

Antibody Production 

Antigenic (i.e., immunogenic) fragments of the TNF-a convertases 
of this invention, which may or may not have enzymatic activity, may 
similarly be produced. Regardless of whether they cleave proTNF-a, 
15 such fragments, like the complete TNF-a convertases, are useful as 
antigens for preparing antibodies, using standard methods, that can 
bind to the complete enzymes. Shorter fragments can be concatenated 
or attached to a carrier. Because it is well known in the art that 
epitopes generally contain at least about five, preferably at least about 

2 0 8, amino acid residues [Ohno et aL> Proc. Natl Acad. Sci. USA 52:2945 

(1985)], fragments used for the production of antibodies will generally 
be at least that size. Preferably, they will contain even more residues, 
as described above. Whether a given fragment is immunogenic can 
readily be determined by routine experimentation. 

2 5 Although it is generally not necessary when complete TNF-a 

convertases are used as antigens to elicit antibody production in an 
immunologically competent host, smaller antigenic fragments are 
preferably first rendered more immunogenic by cross-linking or 
concatenation, or by coupling to an immunogenic carrier molecule (i.e., 

3 0 a macromolecule having the property of independently eliciting an 

immunological response in a host animal). Cross-linking or conjugation 
to a carrier molecule may be required because small polypeptide 
fragments sometimes act as haptens (molecules which are capable of 
specifically binding to an antibody but incapable of eliciting antibody 
3 5 production, i.e., they are not immunogenic). Conjugation of such 
fragments to an immunogenic carrier molecule renders them more 
immunogenic through what is commonly known as the "carrier effect". 
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Suitable carrier molecules include p „ nrnt ■ 
svnthetir n«r. mciuae, e.g.. proteins and natural or 

d r po t:,r .^rr po,ysaccharid - 

preferred. including but not toifcd ■ ZT^t „"* "^"^ 

• c or ra obit serum albumin, or mprhvi*^ 

° f the camer molecule used. When the 

immunogenic carrier molecule is a protein ,h* f 

1 5 invention can be couoled e o , fragments of the 

Hi, . u , P,ed ' usln g water soluble carbodiimides such 

as -dicyclohexylcarbodiimide or glutaraldehyde h 

fra gm e C nts P,, t n o g T* T " ^ * MCd t0 cros ^ »e 

mo" Such C r ? ^ ° f * Se P arate "rrier 

inoiecuie. Such cross-linking into aeereeare* r-™ i 
>n ;™ • . ° a 56 lc s<iicS can also incrp.ncp 

■0 —gemc.ty. tamunogen.city can also be increased ™ 
known adjuvams , alone or jn combjnat . on co y he of 

Su.table adjuvants f„ r , he vaccinal of an.mals incje bu Te 

:,ui: m Adjuvant 65 (con,aini " 8 *™ — 

0 yran, dextran sulfate. po, y ,C. polyacrylic acid and carhop" ; pep id 

:ii s raur T r' T pep,,d ;' ™ t 

emuls.ons The polypepttdes could also be administered followin. 
■ncorporatton ,n,o liposomes or other microcarriers ° 
Information concerning adjuvants and various aspects of 

theory of Enzyme Immunoassays, 3rd Edition 1987 Pl„ i m 
Vork. Other usefu, references covenng 

polyc.ona, antisera include MicroHclo t l T%9 Hoi mTI 
Divicinn u ♦ wlu z}y Hoeber Medical 

D.V...C Harper and Row: Landslejner , o/ 
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Reactions, 1962, Dover Publications, New York, and Williams, et ah, 
Methods in Immunology and Immunochemistry, Vol. 1, 1967, 
Academic Press, New York. 

Serum produced from animals immunized using standard 
5 methods can be used directly, or the IgG fraction can be separated 
from the serum using standard methods such as plasmapheresis or 
adsorption chromatography with IgG-specific adsorbents such as 
immobilized Protein A. Alternatively, monoclonal antibodies can be 
prepared. 

1 0 Hybridomas producing monoclonal antibodies against the TNF-a 

convertases of the invention or antigenic fragments thereof are 
produced by well-known techniques. Usually, the process involves the 
fusion of an immortalizing cell line with a B-lymphocyte that produces 
the desired antibody. Alternatively, non-fusion techniques for 

1 5 generating immortal antibody-producing cell lines can be used, e.g., 

virally-induced transformation [Casali et aL, Science 234:476 ..(1986)]. 
Immortalizing cell lines are usually transformed mammalian cells, 
particularly myeloma cells of rodent, bovine, and human origin. Most 
frequently, rat or mouse myeloma cell lines are employed as a matter 

2 0 of convenience and availability. 

Techniques for obtaining antibody-producing lymphocytes from 
mammals injected with antigens" are well known. Generally, peripheral 
blood lymphocytes (PBLs) are used if cells of human origin are 
employed, or spleen or lymph node cells are used from non-human 

2 5 mammalian sources. A host animal is injected with repeated dosages 

of the purified antigen (human cells are sensitized in vitro), and the 
animal is permitted to generate the desired antibody-producing cells 
before they are harvested for fusion with the immortalizing cell line. 
Techniques for fusion are also well known in the art, and in general 

3 0 involve mixing the cells with a fusing agent, such as polyethylene 

glycol. 

Hybridomas are selected by standard procedures, such as HAT 
(hypoxanthine-aminopterin-thymidine) selection. Those secreting the 
desired antibody are selected using standard immunoassays, such as 
3 5 Western blotting, ELISA (enzyme-linked immunosorbent assay), RIA 
(radioimmunoassay), or the like. Antibodies are recovered from the 
medium using standard protein purification techniques [Tijssen, 
Practice and Theory of Enzyme Immunoassays (Elsevier, Amsterdam, 
1985)]. 
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Many references are available to provide guidance in applyin* 

Harbor 0 7 h ^ " * (Cold^ 
Harbor Laboratory, New York, 1980); Tijssen, W 

Enzyme Immunoassay, (Elsevier, Amsterdam 19RM- r i u 
5 Manual Antlbody Technology ^ ^ »« ^ e 

Katon, bL, 1982)]. Monoclonal antibodies can also he 
produced us.ng we,, known pha?e , ibrary sys(ems »» => ° 

«/..&.„„ 2« :1 27S (1989); Ward, „ „/.. *,,„„ W/:S44 ( ^ '< 

ct:: a r ,ho t- ,o pur,fy the tnf - — " — 

cnromatography. * 
Antibodies against the antigenic fragments can also be used 
15 unlabeled or iabeied by standard methods, as the basis or 
■rnmunoassays of the TNF-o. convenes. The particular Ubei u d w 

depend upon the type of immunoassay. Examples of labels tha, can be 
used ,„ clude but are „„, lim . ed [o rad . o|abe|s ^ 3^,*"^ 

2 0 h„H r " Cem ' abelS SUCH M f ' UOreS " in »< i» derivatives 

2 0 rhodam.nc and its derivatives, dansyl and umbeilife one 
o emnumtnescers such as iuctfena and 2,3-d, hy dro.ph,ha,a edi on ! 

oZTZ T aS 6 h r radrS " phosphatas.' 
lysozyme and glucose-6-phosphate dehydrogenase. 

The antibodies can be tagged with such lah^ic k 

2 5 methods p~ , abels bv known 

methods. For example, coupling agents such as aldehydes 

-bo n mideS) dimaleimide , lmidates succinim bl J^;; d 

flu™, a c n h T ,ike ^ 10 ^ ^ -ibodier ^ 

in^T^Tr™ 1 " enZymC ,abe,S - fienCral meth0ds 

nvolved are well known in (he an ^ 

3 0 ^ l9g7 chan (£d) Academjc ^ 

fractions' oL h h ,mmUn0aSSa y s cou,d be «nied out, for example, on 
tractions obtained during purification of the TNF-a converses 

The antibodies of the present invention can also be used to 
identify p artlC u,ar cDNA clones expressing the TNF-a convertases 
3 5 expression cloning systems. 

Neutralizing antibodies that bind to the catalytic site of a TNF-a 
converse may also be used as inhibitors to block substrate binding 
-d hence catalyt.c activity. This can be done using comp.ete antibody^ 
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molecules, or well known antigen binding fragments such as Fab, pc, 
F(ab)2» and Fv fragments. 

Definitions of such fragments can be found, e.g., in Klein, 
Immunology (John Wiley, New York, 1982); Parham, Chapter 14, in 
5 Weir, ed. Immunochemistry , 4th Ed. (Blackwell Scientific Publishers, 
Oxford, 1986). The use and generation of antibody fragments has also 
been described, e.g.: Fab fragments [Tijssen, Practice and Theory of 
Enzyme Immunoassays (Elsevier, Amsterdam, 1985)], Fv fragments 
(Hochman et al, Biochemistry 7 2:1 130 (1973); Sharon et al, 

10 Biochemistry 75:1591 (1976); Ehrlich et al, U.S. Patent No. 4,355,023] 
and antibody half molecules (Auditore-Hargreaves, U.S. Patent No. 
4,470,925). Methods for making recombinant Fv fragments based on 
known antibody heavy and light chain variable region sequences have 
further been described, e.g., by Moore et ai (U.S. Patent No. 4,642,334) 

15 and by Pluckthun [Bio/Technology 9:545 (1991)]. Alternatively, they 
can be chemically synthesized by standard methods. 

The antibodies and antigen-binding fragments thereof can be 
used therapeutically to block the activity of a TNF-a convertase, and 
thereby to treat any medical condition caused or mediated by TNF-a. 

2 0 Such antibodies and fragments are preferably chimeric or humanized, 
to reduce antigenicity and human anti-mouse antibody (HAMA) 
reactions. The methodology involved is disclosed, e.g., in U.S. Patent No. 
4,816,397 to Boss et at and in U.S. Patent No. 4,816,567 to Cabilly et ai 
Further refinements on antibody humanization are described in 

2 5 European Patent 451 216 Bl.. 

The dosage regimen involved in a therapeutic application will be 
determined by the attending physician, considering various factors 
which may modify the action of the antibodies or binding fragments, 
e.g., the condition, body weight, sex and diet of the patient, the severity 

3 0 of any infection, time of administration, and other clinical factors. 

Typical protocols for the therapeutic administration of antibodies 
are well known in the art and have been disclosed, e.g., by Elliott et al. 
[The Lancet 344:1125 (1994)], Isaacs et al [The Lancet 340:14% 
(1992)], Anasetti et al [Transplantation 54:844 (1992)], Anasetti et al 
35 [Blood 54:1320 (1994)], Hale et al [The Lancet 2:1394 (December 17, 
1988)], Queen [Scrip 7857:18 (1993)] and Mathieson et al [N. Eng. 7. 
Med. 323:250 (1990)]. 

Administration of the compositions of this invention is typically 
parenteral, by intraperitoneal, intravenous, subcutaneous, or 
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intramuscular injection, or by infusion or by anv other acceotah. 
.vste^ method. Administratlon by intraven y ous '^ n * C ^ 
over a time course of about 1 to 5 hours, is preferred ' * 

5 ^l ^TZV^r" thraled UPWard fr ° m 2 ,OW leVel » 
within a S" -^^001 TT* ^ ***** ^ fcU 

weight Typicallv Z „ § Pr ° tein PCF of bod y 

B "- lypically, the dosage range will be from about 0 1 m s 

protein per kilogram of body weight. ° 5 mg 

1 0 adiuste D d°T eS ° f ami8en binding fragmemS fr ° m the -bodies will be 
adjusted to account for the smaller molecular sizes *nH uV 

t;: u Ti d h r"' ives (cicaran " ^ ^ ^ *z « 

various modificat.ons or derivatives of the antibodies or fr 

rit a , 0 a rr of poiyetMene ^ o> " 

1 5 properties ' heir «""•' Pharmacodynamic 

the TMp"'" ^ apprecia,ed ^ < h °" billed in ,he an. however that" 

- r r ;i ;ir — - 

potent "It ,„° f t L C ' aSS ° f Sma " m0l " U '< "">""•<>» 

designated GI 129471 t h TT"" " * ™< all °P™ease inhibitor 
both ^ Sh ° W " 10 block TNF -« secretion 

both ,„ v„ r „and,„ Wv„ [McGeehan « „/.. Nature 370 55& „994» 

^5 Anoher such example ,s /V-( D.L-[2-(hydroxyaminocarbonvl)methvn 4 
rae 1 hylpe„tanoyl|L-3-(2'naph.hyl)-alanyl.L alanine °"l'[ m " hyl] - 4 - 

r a8ainS ' 0 ' e,hal *« ° f another e l: p 

'0 4 5 4 w eh" 8 "' 0 m0 ' eCl " e ' nhibit0r " 3 COrapOU " d - d «^"-ed SCH 

p p 'de based ' S h m H m '° nCd " eXamP ' e bel0W ' ThiS COm "° U " d '» • 
sillr ,o the f hydr ° Xamale inhibi "> r o f co.l.gen„. structurally 

converge inhibit ' * " ,Vem '° n '° identify * TNF '« 

5 of a TNF J? 80 '" 8 ™f ° rganiC m °' eCU,eS are not »P«cinc inhibitors 
of. TNF-a convertase but inhibit other metalloproteases as well As 

" r I"! 1 " be h l0W ' ^ of a TNF-a converta 

2 methods „ ft, ° me,a "° Pr0,eaSeS ^ identified using 

memods of this invention if desired. 
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An "effective amount" of a composition of the invention is an 
amount that will ameliorate one or more of the well known parameters 
that characterize medical conditions caused or mediated by TNF-ot. 
Many such parameters and conditions have been described, e.g., as in a 
5 review by K.J. Tracey in The Cytokine Handbook, Second Edition, A. 
Thompson, Ed.,. 1994, Academic Press Ltd., London, UK, pp. 289-304. 
The references cited by Tracey are also incorporated herein in their 
entirety by reference. 

Although the compositions of this invention could be 
1 0 administered in simple solution, they are more typically used in 
combination with other materials such as carriers, preferably 
pharmaceutical carriers. Useful pharmaceutical carriers can be any 
compatible, non-toxic substance suitable for delivering the 
compositions of the invention to a patient. Sterile water, alcohol, fats, 

1 5 waxes, and inert solids may be included in a carrier. Pharmaceutically 

acceptable adjuvants (buffering agents, dispersing agents) may also be 
incorporated into the pharmaceutical composition. Generally, 
compositions useful for parenteral administration of such drugs are 
well known; e.g. Remington's Pharmaceutical Science, 17th Ed. (Mack 

2 0 Publishing Company, Easton, PA, 1990). Alternatively, compositions of 

the invention may be introduced into a patient's body by implantable 
drug delivery systems fUrquhart et al., Ann. Rev. Pharmacol. Toxicol. 
24:199 (1984)]. 

Therapeutic formulations may be administered in many 
25 conventional dosage formulation. Formulations typically comprise at 
least one active ingredient, together with one or more 
pharmaceutically acceptable carriers. Formulations may include those 
suitable for oral, rectal, nasal, or parenteral (including subcutaneous, 
intramuscular, intravenous and intradermal) administration. 

3 0 The formulations may conveniently be presented in unit dosage 

form and may be prepared by any methods well known in the art of 
pharmacy. See, e.g., Gilman et al. (eds.) (1990), The Pharmacological 
Bases of Therapeutics, 8th Ed., Pergamon Press; and Remington's 
Pharmaceutical Sciences, supra, Easton, Penn.; Avis et al. (eds.) (1993) 
3 5 Pharmaceutical Dosage Forms: Parenteral Medications Dekker, New 
York; Lieberman et al. (eds.) (1990) Pharmaceutical Dosage Forms: 
Tablets Dekker, New York; and Lieberman et al. (eds.) (1990), 
Pharmaceutical Dosage Forms: Disperse Systems Dekker, New York. 
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described anuses as antigens . T^^J^,,^ 
; ■ s 'hey may mimic the SIructures of ^ useful 

Protein P.,rifj rnt j nn 

invent-o"; 'Si^T" 7 ° f '"is 

■limited ,o sa , „ o^, "«'*""« >»« ~. 

- cl ec t , 0Ph0resis .' -;;rr; ,i<m hig r parative ^-^ 

chromatography (HPLC, reversed-oha.se HPLC n.^""" . " qUid 
-ion exchange and partltion [^J^ ^ «"<» - 

distribution. Such purification m..i. a countcrcurrem 

111 publication methods are well kn^n .u 
are disclosed e in r- j Known in the art and 

preferable to include nn, . Iar 0r t,ssue sour ce. it is 

enzymes is th " ^ J Ten '^iT 

am,„oe,hy,,-„e n2 enc f,uo Me „T tT"^ 4 " <2 - 
Peps.a.in. leupeptin ,„h . "ydrochlonde (AEBSF). 

2 5 ch,ororne,hy lk e.o ne P ( A APV) me y succ ' n yl- Ala- Ala-Pro- Val- 

Wucleic Arid, or-* F-rpi, ,,ir,n Sy .,..^ 

Nucleic acids encoding the TNF-a converses , 
hereof can he prepared by standard methods. Z m Z Z7"'* 
be chem callv svntheQi^H example. DNA can 

3 0 support method '.7 ^ cc T./ f £ ^7^" S0 ' W 

H981)], the method of Yoo et at \1 Rini n . ' iUJ " slss 

other well taow „ m et ho ds. Tht V^^^Z^ « 
series of olieonuM» n riH« y sec l ue ntiaIIy linking a 

oligonucleotide cassettes comprising oai™ 
3 0,1 gonucleotides, as described below ? ° f SynlhctIC 

^ ^^^ZZJ^ ° f ^ -de. many 

sequences can encode the TNF-a converses. The 
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codons can be selected for optimal expression in prokaryotic or 
eukaryotic systems. Such degenerate variants are of course also 
encompassed by this invention. 

Moreover, nucleic acids encoding the TNF-a convertases can 
5 readily be modified by nucleotide substitutions, nucleotide deletions, 
nucleotide insertions, and inversions of nucleotide stretches. Such 
modifications result in novel DNA sequences which encode antigens 
having immunogenic or antigenic activity in common with the wild- 
type enzymes. These modified sequences can be used to produce wild- 
1 0 type or mutant enzymes, or to enhance expression in a recombinant 
DNA system. 

Insertion of the DNAs encoding the TNF-a convertases into a 
vector is easily accomplished when the termini of both the DNAs and 
the vector comprise compatible restriction sites. If this cannot be done, 

1 5 it may be necessary to modify the termini of the DNAs and/or vector 

by digesting back single-stranded„_DNA overhangs generated by 
restriction endonuclease cleavage to produce blunt ends, or to achieve 
the same result by filling in the single-stranded termini with an 
appropriate DNA polymerase. 

2 0 Alternatively, desired sites may be produced, e.g., by ligating 

nucleotide sequences (linkers) onto the termini. Such linkers may 
comprise specific oligonucleotide sequences that define desired 
restriction sites. Restriction sites can also be generated by the use of 
the polymerase chain reaction (PCR). See, e.g., Saiki et a/., Science 

2 5 2J9:487 (1988). The cleaved vector and the DNA fragments may also 

be modified if required by homopolymeric tailing. 

Expression of nucleic acids encoding the TNF-a convertases of this 
invention can be carried out by conventional methods in either 
prokaryotic or eukaryotic cells. Although strains of £. colt are 

3 0 employed most frequently in prokaryotic systems, many other bacteria 

such as various strains of Pseudomonas and Bacillus are know in the 
art and can be used as well. 

Prokaryotic expression control sequences typically used include 
promoters, including those derived from the p-lactamase and lactose 
3 5 promoter systems [Chang et ai, Nature 795:1056 (1977)], the 
tryptophan (trp) promoter system [Goeddel et ai f Nucleic Acids Res. 
5:4057 (1980)], the lambda Pl promoter system [Shimatake et aL, 
Nature 292:128 (1981)] and the tac promoter [De Boer et ai, Proc. Natl. 
Acad. Sci. USA 292:128 (1983)]. Numerous expression vectors 
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c c ::'::::L;r comro1 sequences arc know - - *• ■» ^ 

* «« 00™™^!; :!™"' eXPreSSi ° n VeC '° rS ™ k " OW " * <"< 

Scrceninr Svnems MnMl 

To identify inhibitors of t „ e convert™, ,h, 

employed in basic screeni F< T^' e " ZymeS " re 

provide methods for bringjng * q ~ ™«'* *~ systems 

1 0 an appropriate substrate for the enzyme fl „H , convertase. 

<* presence of an i„ hibiIor ot\L ZJ \ Z^' !° ^ ** 
an inhibitor, substa „ [ia c Ivage 0 h e an,P K COma ' nS ^ 
observed, compared ,0 what would be o Led „ ,1 T" 
mh bitor, e e usino -„„ . ,.. ODserved in the absence of an 

e.g.. usmg a control" sample containing only buffer. 

15 A basic screening method comprises: 

(a) contacting a mammalian TNF-n ™„. . 
Presence of substrate with a sample ,0 be tested 0 r IT 
of an inhibitor of the convertase; and 

(b) measuring the rate of cleavage of the substrate; 
2 0 whereby an inhibitor of the tnp „ 

identified by mea , uril ° „ C ° nVe " aSe in ,he »»Ple i. 

oy measuring substantia ly reduce 

substrate, compared to wha, would be meas ed " th h " 
inhibitor. measured in the absence of such 

"Substantially reduced cleavace" „f , 
2 5 convertase inhibitor will he T \ u ' by a TNF "° 

50%. preferably less Th h ,7. meaSUring '" S »bou. 

■n the absence of an inhibitor. g ° meaSured 

30 whethe?;:::/'::^;" o ; s defi - ed h r ,n ,o mea ° ^ 

contain a <W .T^T^ J * T'- 

arc not limitpH i examples of samples include but 

not n mi ted to solutions of compounds obtained fall™ ■ 

synthesis, a , Jquots from fication p j c ^;; a ° d ,,ow,ng or r ,c 

cells or tissues or from orho u- . • , Ctlons - and extracts from 

s. from other biological or microbial materials. 
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TNF-a convertase substrates that can be used in the basic assays 
of the invention include polypeptides comprising the complete proTNF- 
a sequence, and truncated variants (polypeptides) thereof, the 
preferred requirement being that all substrates contain the specific 
5 Ala-Val bond, the cleavage of which characterizes the TNF-a 
convertases of the invention. Some examples of such substrates are 
described below, including a protein (SEQ ID NO: 3) and a polypeptide 
(SEQ ID NO: 4) substrate. Others are known in the art, such as those 
disclosed by Mohler et al. [Nature 570:218 (1995)]. The term 

1 0 "substrate" is defined herein to mean all such materials. Substrates 

suitable for use in the assays are preferably based on human proTNF- 
a, although it may be possible to use substrates from other species. 

The substrates can be engineered so that the activity of a TNF-a 
convertase causes a positive- or negative measurable change in the 
15 substrate. This may result in a loss or gain of a measurable signal, 
following cleavage of the substrate. 

Any TNF-a convertase can be used in the basic screening 
methods of this invention, although use of a primate or human enzyme 
is preferred for the identification of compounds suitable for use as 

2 0 human therapeutics. In connection with the assays, the term "TNF-a 

convertase 11 encompasses both the wild-type variants and analogs, such 
as truncated or substituted variants, as long as they possess substantial 
proteolytic activity as defined herein. Use of a wild-type, full-length 
human enzyme is however preferred. Whether a given analog would 

2 5 be suitable for use in an assay of the invention can readily be 

determined through routine experimentation, using the disclosed 
methods. 

Those skilled in the art will appreciate that there are many ways 
a mammalian TNF-a convertase could be brought together with a 

3 0 substrate and a test sample to identify an inhibitor, and all such 

methods , are within the scope of this invention. Nevertheless, in a 
preferred embodiment, a mammalian cell system is employed in which 
one or more nucleic acids encoding a mammalian TNF-a convertase and 
a substrate are transfected into a host cell. These nucleic acids can be 
3 5 contained in a single recombinant vector or in two, as is the case in an 
Example below. 

Particularly preferred mammalian host cells for Use in the 
foregoing system inherently lack or have minimal ability to cleave 
proTNF-a to the mature, secreted form. Examples of such a cell are the 
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-93 human embryonic kidney ce.i line and clones derived .herefrom 

" ; ; ACCeSS '° n N °- ATCC CRL I573 ' A Cone der,ved 
from the 293 hne, destgnated 293EBNA. is available from Invi.rogen 

TNF-a converse inhibitors iden.ified in the basic screens of this 
nvent.on raay be suitab.e for therapeutic administration .,«„„ e 
'hey may also inhibit other metalloprotease, If u "'J' T 
■dentify a specific inhibitor of a TNF./convertlse, i e , „ \ h ^ £ 

'he activity of other, more genera, metalloproteases. ,h , c b 
done us.ng another embodiment of the present invention 

As used herein, the term "specific inhibitor of a TNF-a 
converse" is defined to mean an inhibitor which biocks the 
proteolytic act vitv of n tmc ~ „ . uiocks tne 

activitv of r convertase but does not inhibit the 

•cimty of co agenase or other matrix-degrading metalloproteases. 

The following is a summary of some matrix-degradm* 
m ta loproteases, including some names by which they have b n ° 
called and some of their substrates: 



Enzyme Namoc 



Interstitial Collagenase (MMP-1) 

72-kDa Gelatinase (MMP-2) 

Stromelysin (MMP-3) 

Uterine Metalloproteinase 
(MMP-7) 

Neutrophil Collagenase (MMP-8) 
92-kDa Gelatinase (MMP-9) 
Stromelysin-2 (MMP-10) 



Substrates 



Collagens I, II, HI, VII and X 
Collagens IV, V, VII and X 
Collagens III, IV. V and IX 
Gelatins I, III, IV and V 

Collagens I, II and III 
Collagens IV and V 
Gelatins I. Ill, IV and V 



More information on the names and substrates, and on the 

cTb?fld f ab ° Ve - m " d -trix-degrading metalloproteases. 
can be found in a rev,ew by Woessner [FASEB J. 5:2145 (1991)]. 
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To identify a specific inhibitor of a TNF-a convertase, the 

screening methods of the invention further comprise: 

(a) contacting a matrix-degrading metalloprotease in the 
presence of substrate with an inhibitor of a TNF-a convertase; 

5 and 

(b) measuring the rate of cleavage of the substrate; 

whereby a specific inhibitor of a TNF-a convertase is identified by 
measuring substantially undiminished cleavage of the substrate, 
compared to what would be measured in the absence of such inhibitor. 
10 In a preferred embodiment, a mammalian cell system is 

employed in which one or more nucleic acids encoding a matrix- 
degrading metalloprotease and a substrate are transfected into a host 
cell. These nucleic acids can be contained in a single recombinant 
vector or in two. / . 

1 5 "Substantially undiminished cleavage" of a substrate by a specific 

inhibitor of a TNF-a convertase will be observed by measuring at least 
about 75%, preferably at least about 90%, more preferably at least 
about 95%, and most preferably at least about 99% of the cleavage 
measured in the absence of such an inhibitor. 

2 0 Molecular Cloning and Expression 

The present invention provides methods for cloning bovine TNF- 
a convertase and corresponding enzymes from other mammalian 
species. Briefly, Southern and Northern blot analysis can be carried out 
to identify cells from other species expressing genes encoding the TNF- 

2 5 a convertases. Complementary DNA (cDNA) libraries can be prepared 

by standard methods from mRNA isolated from such cells, and 
degenerate probes or PCR primers based on the amino acid sequence 
information provided herein can be used to identify clones encoding a 
TNF-a convertase. 

3 0 Alternatively, expression cloning methodology can be used to 

identify particular clones encoding a TNF-a convertase. An antibody 
preparation which exhibits cross-reactivity with TNF-a convertases 
from a number of mammalian species may be useful in , monitoring 
expression cloning. 
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Prefcrably. a co-transfection system described more fully below 
used to ld *ntify Cones capable of cleav.ng proTNF-a 
secreted form. Selected clones can then be amplified, and cDNA 

P ?o ary:! 1 ^ 7 * ^ ^ ^ ^ 
'" P ro "aryo tl c or eukaryotic expression systems. 

Briefly, this method for identifying a nucleic acirf 

mammalian tmc ~ 5 "ucieic acid encoding a 

mammalian TNF-a convertase comprises: 

(a> culturing a mammalian host cell comprising a first 
recombinant expression vector comprising a nucleic acid encoding 
TNF-a convertase substrate and a second recombinant 
expression vector comprising a nucleic acid that is to be tested to 
deermine whether i, encodes a mammalian TNF-a convertase 
under conditions in which expression occurs; and 

(b) measuring the rate of cleavage of the substrate; 

iTeTrV r' CiC MC ° ding ' raaramaHa " ™ F -« is 

identified by measuring substantially increased cleavage of the 

nuc;i;:'ir pared to whai wouw be measured » ^ « »<* 

Preferably the TNF-a convertase substrate used is proTNF-a 
although any of the other substrates mentioned herein could be used 

cleavat ^ .^'T ° f inVCnti ° n ' ■»»".un.i.U y increased 

lea age of the substrate will be observed by measuring a. .east about 
5 .me more, preferably a, leas, about 10 times more more 

bo^ y ,ilf sl abo r 25 times mo - and ™»' ■»»<«•>>» « 

bse ce of T nucT° re r V38e ° f SUbS ' ra,e tha " Would i» *e 

absence of a nucleic acid encoding a mammalian TNF-a convertase 

However identified, clones encoding TNF-a converges from 
various mammalian species can be isolated and sequenced, and the 
cod.ngreg.on, can be excised and inserted into an appropriate vector 

Recombinant expression vectors in this invention are typically 

LTo "* f T " ""P"'"* nuc.eic P a" 

u tab " C0nvertas «' »™»y operably linked to 

r?sL 8 : f ne r co : tro1 eiemen,s ihat are ^ ° f "««•«'«« 

expression of the nucleic acids in compatible host cells. Genetic control 
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elements may include a prokaryotic promoter system or a eukaryotic 
promoter expression control system, and typically include a 
transcriptional promoter, an optional operator to control the onset of 
transcription, transcription enhancers to elevate the level of mRNA 
5 expression, a sequence that encodes a suitable ribosome binding site, 
and sequences that terminate transcription and translation. Expression 
vectors also may contain an origin of replication that allows the vector 
to replicate independently of the host cell. 

Vectors that could be used in this invention include microbial 
1 0 plasmids, viruses, bacteriophage, integratable DNA fragments, and 
other vehicles which may facilitate integration of the nucleic acids into 
the genome of the host. Plasmids are the most commonly used form of 
vector but all other forms of vectors which serve an equivalent 
function and which are, or become, known in the art are suitable for 

1 5 use herein. See, e.g., Pouwels et aL, Cloning Vectors: A Laboratory 

Manual, 1985 and Supplements, Elsevier, N.Y., and Rodriguez et aL 
(eds.), Vectors: A Survey of Molecular Cloning Vectors and Their Uses, 
1988, Buttersworth, Boston, MA. 

Suitable host cells for expressing nucleic acids encoding the TNF- 

2 0 a convertases include prokaryotes and higher eukaryotes. Prokaryotes 

include both gram negative and positive organisms, e.g., £". coli and B. 
subtilis. Higher eukaryotes include established tissue culture cell lines 
from animal cells, both of non-mammalian origin, e.g., insect cells, and 
birds, and of mammalian origin, e.g., human, primates, and rodents. 

2 5 Prokaryotic host-vector systems include a wide variety of vectors 

for many different species. As used herein, £. coli and its vectors will 
be used generically to include equivalent vectors used in other 
prokaryotes. A representative vector for amplifying DNA is pBR322 or 
many of its derivatives. Vectors that can be used to express the TNF-a 

3 0 convertases include but are not limited to those containing the lac 

promoter (pUC-series); trp promoter (pBR322-trp); Ipp promoter (the 
pIN-series); lambda-pP or pR promoters (pOTS); or hybrid promoters 
such as ptac (pDR540). See Brosius et aL, "Expression Vectors 
Employing Lambda-, trp-, lac-, and Ipp-derived Promoters", in 
3 5 Rodriguez and Denhardt (eds.) Vectors: A Survey of Molecular Cloning 
Vectors and Their Uses, 1988, Buttersworth, Boston, pp. 205-236. 

Higher eukaryotic tissue culture cells are preferred hosts for the 
recombinant production of enzymatically active TNF-a convertases. 
Although any higher eukaryotic tissue culture cell line might be used. 
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prefer^ T^™ —Uan cells are 

in it be c„: r or tr ; nsfeciion and ° f ^ 

include HeLa ce ,s Ch T EXan "" eS ° f USeful «« 

5 kidney (BRK) cell lines T ,CH °> <*" "abv ra, 

Wh ifa Ce " f ' ineS ' Wrd «" "I mon^y 

origin of repUcatiof a ^ ' ^ Kne * USUail * an 

(if = 0™" DNA T^""" inilia ' i0n $i,e ' RNA S P>- 

. 0 se,ec ti o„ ge „e or am P ,i fic 2 n ^ ^ —My con.ain a 

be plasmids, viruses or r,,JL express.on vectors may 

' 5 (1985)). pMClneo PolC A fT h yama " Ce " Bioi 5:1 136 

PREP pSVSPORx a«d maS « «'•• C.H5/.-J03 (1987),, pUC.9. 

r povo^uKI and derivatives thereof nnH "k,,.. t • r ; 

such as pAC 373 or pAC 610. baculov.rus vectors 

EXAMPf.F.S 

2 0 exarnp^;. be « * '"e f o„ow ing 

2 5 General Mpt}^,. 

Standard methods were used, as described e* ;„ ■ • 
Molrrutnr n n ■ , , ucscnoea, e.g., Jn Maniatis er a/ 

molecular Cloning: A Laboratory Manual 1982 CnU c„ • J ? 
Laboratory Cold Win* u u „ d Spnn 8 Har bor 

ry. uoid Spring Harbor Press; Sambrook et al Mnl*r„, 

Cloning: A Laboratory Manual, (2d ed.). Vols 1-3 989 Col l 

3 0 Harbor Press, NY; Ausubel et al. Biology, Greene Pub h L a ^ 

Brooklyn. NY; or Ausubel, et al (l9 S 7 Z S „n * 

Protocols in Molecular BMogy al G < ^ S *^ ; Curren' 

(eds ) PCR ; . »c/yvncy, new York; Innis et aL 

Acadel Press N V s -' * ° M ' '990. 
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In vitro assays for TNF-a Convertase Activity 

For the assay of convertase activity associated with or isolated 
from membrane preparations, a protein-based assay was carried out 
essentially as described by Mohler et aL, Nature 370:21% (1995). 
5 Briefly, a peptide-tagged recombinant human TNF-a protein 

substrate (Flag-TNF-a) was cloned and expressed in E. coli. The protein 
was purified by affinity chromatography using an M2 (anti-Flag)- 
Sepharose column (Kodak), and by ion exchange chromatography using 
a BIOCAD equipped with an HQ10 column. 

1 0 The amino acid sequence of the protein substrate is defined in 

the Sequence Listing by SEQ ID NO: 3, concerning which the following 
should be noted. Amino acid residues 2-9 comprise the "Flag" 
sequence. Residues 10 and 11 are a Gly-Ser connector following the 
Flag which were added to accommodate a restriction site used in 
15 construction. The histidine at position 12 "corresponds to the histidine 
at position -25 of SEQ ID NO: 1, after which the two sequences are 
identical to the carboxyl termini. Thus, fifty residues of the normal 
leader sequence of human proTNF-a have been deleted from this 
substrate. Since the deleted region is not essential for use as a 

2 0 substrate in an assay of this invention, other truncations containing 

deletion of more or fewer residues could be used as well. 

To test for convertase activity, a membrane protein sample (12 
jig) was mixed (in 12 nl) with 2 ng of 1 25 1-polypcptide substrate 
(approximately 50,000 cpm) in the presence of inhibitors of other 

2 5 proteolytic enzymes [e.g., 200 4-(2-aminoethyl)-benzenesulfonyl 

fluoride hydrochloride (AEBSF), 2 \iM pepstatin, 200 \lM leupeptin, 1 
mM methoxysuccinyl- Ala- Ala-Pro- Val-chloromethylketone (AAPV)], 
and with or without 2.5 mM EDTA. Following incubation at 37°C 
overnight, samples were fractionated in a 16% sodium dodecylsulfate 

3 0 (SDS) gel and subjected to SDS polyacrylamide gel electrophoresis [SDS- 

PAGE; Laemmli, Nature 227:680 (1970)]. The gels were dried, and 
radioactivity was detected by autoradiography. 

Examination of the gels revealed intensified bands from the 
samples incubated without EDTA, at the position expected for the 17 
3 5 kDa human TNF-a cleavage product. 

A polypeptide-based assay for TNF-a convertase activity was 
also carried out essentially using the method of Mohler et aL, supra. 
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mixed in 50 a {"JIT""* T^' ' ™ mbTm ° P r0<d " "mple was 

5 A V B H W " rSL-Snj", - - P ~ " f -"*«■. 

in en • 11 pepstatin, 200 uM leupeptm. 1 mM AAPV) 

■ 0 Follow,., tncuba.ion a, 37°C for from 60 minu.es ,o overnisn, 7he 

pro e,„ was precipitated by co,d 5% tnchloroacetic acid (TCA, 20% 
ceton.trtle. and ,he solubie peptide fraction was app.ied ,o a YMC ,20 

angstrom C-,8 ODS-AQ column ,4.6 x ,00 mm; YMC. Inc.,. The coium! 

«« « »»- -craticallv a, a flow rate of , ml/min U si„ 8 40, 

1 5 ace.onttnle P l„ s 0.06 % trtfloroacetic acid. The e.mion of DNP peptid! 

was mo„„ored at 360 nm using a Waters 625 LC system 

POSitio^ ITT " * tyP ' Cal "" , Sh ° W " in Fl «- '• ••»■*, 'he 
positions of the uncut peptide and an expected convertase cleavasc 

2 0 ITT' r P ' APLAQA) Sh0W "' ° f lavage ZZ 
2 0 attnbutable to the activities of other proteases present in the crud 



25 



30 



35 



Preparation and ^„^ n „ f R „ v ,„„ TrJE 



Bovine spleen purchased from Pel-Freeze was cut into small 

POWE R W ;RO d f o n d C0 ' d PBS ' a " d ,he " Shre<fded USi " 8 * »"* decker 
(20 11 t Pr0 " SSOr - The ' iSSUe W3S «™P«*<I in lysis buffer 

H 7 8 8, " ( ^ [2 - H ^ r0 ^-'- 1 -'>-"'y<'-^-«hy„-e,hy. ) y glycin e). 
pH 7.8. 8% sucrose] containing 0.1 % PMSF, then homogenized usin« a 

1 Z% " SSUe h0m0ge " iZer - Ce " deWs *» ™oved b 

Tt acen r ' U8a "° nS a ' 8 '°°° X 8 ' ' he membra "« "o"*"- »y 

w ed „ tf": " 60 ' 00 ° * 8 - TbC -Cranes - 

Ttn used m PH the " reSUSpended and f™«n at -20°C 

The membrane fraction was thawed and resuspended to a 
concentration of 8 mg/ml protein in Buffer A (20 mM Tr s pH 7 5 

MsS0 4 , ,0 mM Nad, ,0 ,M ZnS0 4) p,us 2% Brij M £ .aury, 
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ether), and incubated at 4°C for 30 minutes. The membranes were 
collected by ultracentrifugation at 60,000 x g, then resuspended to 4 
mg/ml in buffer A plus 2% Lubrol (polyethylene glycol monododecyl 
ether). The insoluble protein was removed by ultracentrifugation at 
5 60,000 x g. 

The Brij-insoluble, lubrol-solubilized membrane protein ' fraction 
was adjusted to 0.3 M NaCl and applied to a chelating Sepharose 
column charged with nickel sulfate. The column was washed and 
eluted with wash buffer (Buffer A with 0.3 M NaCl and 0.1% octyl 
1 0 glucoside) plus 50 mM imidazole. The eluate was concentrated by 
ultrafiltration, then applied to a S300 sieving column equilibrated in 
buffer A plus 0.1% octylglucoside. A retained fraction (corresponding 
to a molecular weight of approximately 60,000) was pooled, adjusted to 
0.3 M NaCl and applied to a wheat germ agglutinin column. 

1 5 The retained fraction was eluted with 0.5 M N-acetyl glucosamine 

in Buffer A with 0.5 M_NaCK. dialyzed against J mM sodium phosphate 
buffer, pH 7, and applied to a hydroxyapatite column. The unbound 
fraction was passed over an HQ- 10 ion exchange column (Perseptive 
Biosystems), and eluted with a linear gradient of from 0 to 500 mM 

2 0 NaCl. Fractions containing TNF-a convertase activity were pooled for 

further characterization. 

The final protein fraction (approximately 10 ng) of the first 
bovine TNF-a convertase was applied to an 8% polyacrylamide gel in 

2 5 SDS-glycinc buffer (Novex).. Following electrophoresis, the gel was 

stained for 8 minutes in 10% acetic acid/50% methanol containing 0.1 
% Coomassie blue, then destained for 3.5 hours in three changes of 10% 
acetic acid/50% methanol. The polypeptide was excised and subjected 
to in situ tryptic cleavage, peptide isolation and microsequencing using 

3 0 standard methods. 

This enzyme was a bovine TNF-a convertase, amino acid 
sequences of which are disclosed above. 

The purification of bovine ADAM 10 was carried out by 
subjecting bovine spleen to the procedures described above to the 
3 5 point of application to the wheat germ agglutinin column. Thereafter, 
the retained fraction was eluted with 0.5 M N-acetyl glucosamine, 
dialyzed against 1 mM sodium phosphate buffer, pH 7, and applied to 
an hydroxyapatite column. A bound fraction from that column was 
passed over an HQ-10 ion exchange column. 
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poiyac rylaraid y e l/t: ^T:::t to h e,e r phoresis - 8% 

dithiothreitol Follow , SDS - Slyc,ne but f« (Novex) with 

PH 10 ^ .n/"^ acid) buffer, 

P" iu. with 10% methanol. The protein band was visualized hJ 
staining the membrane 0.1 % Ponceau S in 40* u y isu alized by 
iriH av^- j . ronceau b m 40% methano , 10% acetic 

Human MT-MMP1 cD.N'A was. cloned from TUP. I cell ,ATrr- 
202) ,o, al RNA, which was convened t0 singie-s," „ded DNa 
GibcoBRL SUPFRsrorDT n .., 8 siranaed DNA using a 

and -i™ ™^^ SyStCm (Cata, ° 8 #18089 - 0I1 > 

Pnmers designated T 5261 ( SE Q Z\7 5 V ff ^ 

(SEO ID NO- v f ° rWard pnmer > and #5271 

, Lo rCVerSe P " mer) - PCR conditions were- 94°C in 

seconds/60°C, 30 seconri</7?°r o , ' 30 

, seconds/72 C, 2 minutes, for 30 cycles The ppp 

from THP'", 8 l^!" MT " MMP2 ™ S dialing tot a, RNA 

above T„ DNA r ePar '" S S ' n8le - Stra " ded DNA as described 

A™ and ' baTk" halves T/mT-MMK reacT™ 

pnmers designated #B5295GD ,SEQ ,D NO 7 5^ TV' USi " g 
internal" iwn in „ • ' 5 forw ard) and "reverse 

mternal (SEQ ID NO: 8; tnternal 3'). A second PCR reaction was set nn 
u*.ng prtmers #B5296GD (SEQ ID NO: 9: 3 - reverse) and Z 

KHiiC;: ° f theSC reaC ' i0nS - S '»'«"' * **arose 

In the second step, the two products from the Pro 
-nixed with PCR primers B5295GD and B« 6GD a 7^ ^ 
performed under the same cond.t.ons as ^JZ^V'lZ 
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from this reaction was cut with EcoRl/Xbal. isolated by agarose gel 
electrophoresis, and cloned into vector pSRotSPORT that had been cut 
with the same restriction enzymes. 

Human MT-MMP3 was cloned as described for MT-MMPI but 
5 from aorta polyA + RNA (Clontech) using PCR primers designated #5322 
(SEQ ID NO: 11; 5' forward primer) and #5323 (SEQ ID NO: 12; 3' 
reverse primer). The PCR product was cut with Kpnl/Hindlll, isolated, 
and cloned into vector pSRaSPORT that had been cut with the same 
restriction enzymes. 
1 0 Similarly, human MMP7 (matrilysin) was cloned from human 

testis poly A + RNA (Clontech) and using PCR primers #5367 (SEQ ID NO: 
13; 5' forward primer) and #5369 (SEQ ID NO: 14; 3' reverse primer). 
The PCR product was cut with KpnllHin&lll, isolated, and cloned into 
vector pSRaSPORT that had been cut with the same restriction 

1 5 enzymes. 

. Human. MMP12 (macrophage metalloelastase) was similarly 
cloned from human aorta polyA + RNA using PCR primers #A0698H03 
(SEQ ID NO: 15; 5* forward primer) and #A0698H08 (SEQ ID NO: 16; 3' 
reverse primer). The PCR product was cut with KpnMXbal and, 

2 0 following isolation, cloned into similarly-cut vector pSRaSPORT. 

Bovine ADAM 10 was cloned as described above from 5 jig of 
total RNA isolated from bovine spleen poly A + RNA (Clontech). The 
resulting single-stranded DNA was then used for PCR, using primers 
having sequences defined in the Sequence listing by SEQ ID NO: 17 (5 1 

2 5 forward primer) and SEQ ID NO: 18 (3' reverse primer). PCR conditions 

were as described above, and the PCR product was digested with Kpnl 
and Hindlll and ligated into similarly-digested vector pCEP4 
(Invitrogen). 

Construction of a Human proTNF-ot Expression Vector 

3 0 Human proTNF-a cDNA can be cloned from total RNA isolated 

from LPS (lipopolysaccharide)-stimulated THP-1 cells and converted to 
single-stranded DNA as described above. This DNA can then be used 
for PCR, e.g., using primers designed to introduce Bam HI cleavage sites 
into the PCR product. The sequences of suitable 5' and 3' primers arc 
3 5 defined in the Sequence Listing by SEQ ID NO: 19 and SEQ r ID NO: 20, 
respectively. The PCR product is then cut with Bam HI to produce an 
insert that can be cloned into a BamHI-cleaved expression vector. 
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A similar insert was ligated into dUCIQ /nw c , ^ n . 
that had been cut wirh » lit P ( England Biolabs) 

Vector pUCTNP 7 ' t0 Pr ° dUCe 3 V6Ct ° r desi * nated PUCTNF 

vector pUCTNF was then cut with Sall/Hindlll 9n H , f 

m -taming the. coding region for proTNF-a 2 Led ^ 
> designated pSRaSPORT that had c t with the sal re ' " ^ 
Vector pSRaSPORT • , . restriction enzymes. 

n ™ T h3d preV,ous, y been constructed as follows. 
PSVSPORT 1 (GibcoBRL) was cut with Clal/Pvtl ,o 
promoter and trcated Wltn K|enow po ° ~ **** 

overhang and produce a blunt end A TZ he C ' Gl 

' =: snurar, 

uvcrnang with Klenow po ymerase Thic 
■i*a,ed int „ , he cul pSvsp0RT , J^^J^g*™ "« ">en 

Clonini- of a Nnv. | u.. rip Prn|r i l| 

aad, and , nel 5 kb fragment was iso|aled 

using ^,I«T e ' : n 7 POrating ' he Sluff " f "6me„, was cleaved 

in =r< cDNA bl """^ VeC '° r WaS se P"^ f«™ ,he 

Z rlZL/iTr 85 eleCtr0Ph0reSiS ' The d " Ved ™*« "« 
en repunf.ed ,„ a second agarose electrophoresis gel The Dure 

eaved vector DNA was iso,a,ed from ,he agarose g=, L g o^"" 
nv, rogen), fo |,„ wing the recommended « • °^YME 

used to clone library cDNA. 

[Zieg^rH^r 7* *" by Mi >"° M.c-6 cells 

1 ^iegier-Heitbrock et nl i»t t /- 

v . " ^ Cancer 41A56 (\ 9RR\l ,.,ifh 

|P0P0 ysacchar.de a, , ug/rn , for I8 nours , a „ d ^ ^" * - 

"tHTirnidrrh 0131 ' 0 "' T0U ' *" — f ™ 
PP 7 19-7 22) Th, 7 tt " 0C " i '" ate me < h °" (Sambrook « «/., «„m. 
PP. 7.19 7.22). The ce.ls were collected by centrifugation. resuspcnded 
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in guanidine thiocyanate (Gibco BRL) with 2.5 grams of N- 
laurylsarcosine sodium salt (Sigma), 5 drops of anti-foam A (Sigma) 
and 0.75 ml of 2-mercaptoethanol (Biorad). 

The lysate was layered over an equal volume of 5.7 M cesium 

5 chloride solution and centrifuged in an SW41 rotor for 24 hours at 
25,000 rpm. The resulting total RNA pellet was washed with ethanol, 
resuspended in sterile water, and treated with DNAse by incubating 
500 u.g of total RNA per ml in buffer containing 5 units of RQI DNAse I 
(Promega), 400 units of RNAsin (Promega), 10 mM MgCl 2 , and 5 mM 

0 DTT at 37°C for 30 min. The solution was treated with an equal volume 
of 1:1 phenol/chloroform solution, and the RNA was precipitated with 
ethanol. PolyA + mRNA was isolated from the total RNA using the 
OLIGOTEX mRNA isolation system (Qiagen Inc.). 

5 Five micrograms of mRNA were used to synthesize cDNA 

following the protocols in the SUPERSCRIPT Plasmid System- for cDNA 
synthesis and plasmid cloning (Gibco BRL). with the following 
modifications. Following second strand synthesis, the cDNA was 
phenol/chloroform extracted, ethanol precipitated, and then treated 

0 with T4 DNA Polymerase (Pharmacia LKB), following the 
manufacturer's instructions. Following Notl digestion, the resuspended 
cDNA was subjected to electrophoresis in 1% SEAPLAQUE GTG agarose 
(FMC) and visualized by ethidium bromide staining. The portion of the 
gel from 2 kb to 13 kb was excised and digested with GELZYME 

5 (Invitrogen). 

The resulting size-enriched cDNA was ligated with the NotllSall- 
cleaved pSRaSport vector overnight using a 2:1 vector/insert 
concentration ratio. The ligation mixture was then extracted with 
phenol/chloroform, precipitated with ethanol, and electroporated into 

0 ELECTROMAX DH10B cells (Gibco BRL) under the prescribed conditions. 
The cells were plated out at a density of about 1000 colonies per plate, 
with a total of around 7 x 10 5 colonies for the entire library. 

Cells from each plate were collected in 1.5 ml Luria broth. An 
aliquot (500 ul) of each pool was mixed with 250 ul of 80% (v/v) 

5 glycerol, and stored at -20°C. The remaining cells were collected by 
centrifugation, and plasmid DNA isolated using the QIAWELL 8 Ultra 
Plasmid Kit (Qiagen) following the recommended procedures. Final 
DNA preparation was eluted from the Qiawell resin with two 100 ul 
aliquots of lOmM Tris pH8. 
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.h. JnT Vt l ff0m """^ 800 P ' asmid " 00ls were id «"«fied using 
he ce 1 transfecuon assay described below and then split into pools of 

50 colony per p.ate. and DNA was prepared as described above 

„ I? J™ """f " ™*V *" *P™« onto Petri plates! 

and 144 tndmdual colonies were picked. DNA was prepared from each 
■clone as described above, and a„ positive pools were reconfirmed n 
dupitcate by retransfection and ELISA a, each step before proceeding 

Cvcle Set , W2S Se<,Ue " Ced by Taq D y°»°°*y™ Terminator 

■n wo , , Cmg melh ° d ' P « ki °-El".er/A PpI ied Biosystems, 

in two d.rect.ons using an Applied Biosystems Model 373A DNA 
iequencer. Sequence alignment was performed using ABI SEOED 

SEO Tn »n S :? Uen " NaViga '° r S ° ftWare The results "»w» ,„ 
, '° N0: 21 - which Prides the complete open reading frame 
nucleotide sequence together with the predicted amino acid sequence 
When co-transfected into 293EBNA cells with the vector encoding 
-human proTNF-cr as described be.ow. the nove, cDNA caused 

SCH 43534. ° f S °' Uble - ^ TNF " a ' ™ S *" 'nhiW^d by 

Cell Transfrrtion TMf. r r o nVBr , a „ A „ py gy il . m 

necesslrv T^H 'I™*' C - dl "" aSed aS " y SyStem ' il was «™ 
necessary to tdenttfy host cells that substantially lacked TNF-a 

converge activity. This was accomplished by trans.ently transfecting 
a number of cell types with an expression vector encoding a substrate 
such as human proTNF-a. and then assaying for the expected lava e 
products, as is explained more fully below. 

TNF « conleT eStab ' iShed ' ha ' a " h ° U8h C ° S « IIS P° ssess »'*«"»■» 
convertase activtty, the human embryonic kidney cell line '93 

and a clone derived therefrom, designated 293EBNA, lacked the ability 

•o cleave transfected human proTNF-a. That was true even thou £ h all 

of the cells when transfected with a vector expressing a human growth 

9™2°9 n 3 E BNA a 7"°' F °< ' ha « ~ 

desc'-L beL Prefe " ed ,ranSfeC,i °" h ° SlS f » thC ™y 

This assay system was established using nucleic acids encoding 

posTs "^"""'-'yP* ntetalloproteases. some of which 

possess TNF-a convertase activity as defined herein. Usin* this svs.em 
in conjunction with a vec.or(s) encoding one of the specific human 
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membrane-type matrix metalloproteascs or bovine ADAM 10, and 
human proTNF-cc, specific TNF-a convertase inhibitors can be 
identified. 

Moreover, the same system can also be used to identify other 
nucleic acids encoding other mammalian TNF-a convertases as well. 
That can be accomplished by substituting nucleic acids from cDNA or 
other libraries for the nucleic acids encoding the exemplary matrix 
metalloproteases, and observing TNF-a convertase activity expressed 
thereby. 

To demonstrate use of this basic assay system, host cells were 
transfected in one of two ways. In one method, human 293EBNA cells 
(Invitrogen) at 5 x 106/0.25 ml of RPMI with 10% fetal bovine" serum 
(FBS) were placed in a 0.4 cm electroporation-cuvette with 5 \xg total 
DNA. The cells were electroporated using a GENE PULSER (BioRad) at 
200V, 960 uFd, and 100 ohms. After recovering for 5 minutes, the 
cells were diluted into 15 ml of medium and placed in a tissue culture 
flask at 37°C, 5% C0 2 . 

In a second method, transfections were carried out using 
Lipofectin (GibcoBRL). DNA (2 ug total) was mixed with 10 ul of 
Lipofectin in 200 ul of serum free medium (Opti-MEM, GibcoBRL) at 
room temperature for 15 minutes. Then 600 ul of Opti-MEM was 
added and the mixture added to 10& 293EBNA cells. After 4 hours at 
37°C, 200 u.1 of 50% FBS were added, and the supernatant was collected 
24-48 hours later for analysis. For smaller numbers of cells the 
conditions were scaled down proportionally. 

The Lipofectin method was also used to assay for bovine ADAM 
10 activity, whereby 1 ul of Lipofectin was diluted into 10 ul of OPTI- 
MEM medium and allowed to stand at room temperature for 30 
minutes. The solution was mixed with 10 ul of OPTI-MEM containing 
50 ng of proTNFa - SRaSPORT with or without 100 ng of ADAM 10- 
pCEP4, and allowed to stand at room temperature for 15 minutes. 
Sixty ul of OPTI-MEM were added, and the entire 80 \i\ were used to 
replace the spent growth medium in the seeded wells. After 
incubation at 37°C. 5% CO2 for 5 hours, 20 ul. of DME containing 50% 
fetal bovine serum were added to the well. Following incubation at 
37°C, 5% CO2 for 20 hours, the medium was assayed • for TNFa 
production. 

To detect convertase activity, enzyme-linked immunosorbant 
assay (ELISA) was carried out by diluting a human TNF-a capture 
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. antibody (Pharmingen #186310) to 1 ug/ml in 0.1 M NaHC0 3 pH 8^ 

Plate TZ au °? 2 % ^ NUnC MA ™°™ ™™uZ 

wkh 200 w " W ' ° Verni8ht 3t 4 ° C ThC WC11S Were the " blocked 
w.th 200 u /well of PBS containing ,0% FBS and 0,% azide and stored 
5 at 4 C until used for assay. 

Immediately prior to use, the microliter wells were washed with 

,°° 5% H TW6en 20 ^'^^ylenesorbitan 
monolaurate). Samples and standards were diluted in PRq • 

■0% FBS. added at ,00 ulAve.l, and incubated 7 . for " Z"" 
.0 After washing u Scribed above. ,00 „ of biotiny'aL antl-TNF-o 
(Pharm.ngen #,8642D) were added at , ug/ml i„ P BS with ,0%FBS 
and tncubated for 45 minutes a, 22'C. After washing twice with PBS 
and Tween 20. s.rep,avidin-HRP (BioSource) was added a. a 150 
d, Iu „on. .00 u,/we„ in PBS with ,0% FBS. and incubated or 0 
I 5 mmutes at 22°C. After washing three times with PBS and Tween 20 
ABTS substrate (KP Lab s) was added a. ,00 „,,„.„, 
development was stopped at an appropriate time determined by visual 
. specon by addition of ,00 u,,we„ of ,» SDS. The p.ates were read 
at 405 nm using a Molecular Devices microliter plate reader. 

20 CIWVa| "^■ " f ""TNF-"- bv Htimm MT MMPi MT. H t r allH MT . M , , D , 

and hv R ovine AD AM |n 

DNA encoding MT-MMPI or MT-MMP3 described above was 

wUh lh r 0 v " Pr " Si0n VCCt<>r PREP8 «« co-transfected 

w, the vector encoding human proTNF-a into 293EBNA cells 

bo" "r 8 ,/" a " ay Ca " ied ° U1 " deS " ibed ab0ve ' " ""served tha, 
both of the ma.nx metalloproteases caused cleavage of the proTNF-a 
Th,s ,s ev.dent ,„ Fig. 2, where the results produced using proTNF-a 

MT n MMA r !« Pr ° TNF - a P ' US MT - MMP1 (B " 2) ' ■«« P'OTNF I pms 

3 0 MMP, , ' " 3) ^ ^ Si ™»- « was no, shown by 
3 0 MMP7 or by MMPI 2. y 

kakav! 1 fUrthCr f ° Und that 35 liUle as 6 Pg'transfection of MT- 
MMPI produced a clear secreted TNF-cc signal by ELISA. This was 
determined by varying the amount of MT-MMPI vector in the 
3 5 PreSenCC D f a constant amount of proTNF-a (50 ng/transfection) and 

foT dentT VC r r (, °° n ^ nsfect -)- Thus, this system is useful 
for identifying other TNF-a converses by expression cloning 
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Although the data are not shown, similar results were obtained 
for MT-MMP2 

Similar results were also obtained using bovine ADAM 10. 
TNF-ot C onvertasp Inhibitor Assay 

To demonstrate use of the transfection assay system to detect 
inhibitors of a human TNF-cc convertase, 293EBNA cells were co- 
transfected with expression vectors encoding human proTNF-a and 
MT-MMP1 as described above, and assayed in the presence or absence 
of varying amounts of an MMP inhibitor, designated SCH 43534, which 
had previously been shown to block the release of TNF-ct from 
activated human THP-1 cells. 

The results are shown in Fig. 3 for proTNF-a alone (Bar 1), 
proTNF-a plus MT-MMP1 (Bar 2), proTNF-a plus MT-MMP1 plus 1 uM 
SCH 43534 (Bar 3), and proTNF-cc plus MT-MMPl plus 10 uM SCH 
43534 (Bar 4). 

Similar results were obtained using bovine ADAM 10. It thus is 
clear that the present assay can be used to detect inhibitors of TNF-a 
convertase activity as defined herein. 

Many modifications and variations of this invention can be made 
without departing from its spirit and scope, as will be apparent to 
those skilled in the art. The specific embodiments described herein are 
offered by way of example only, and the invention is to be limited only 
by the terms of the appended claims, together with the full scope of 
equivalents to which such claims are entitled. 
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SEQUENCE LISTING 
( 1 ) GENERAL INFORMATION: 

(i) APPLICANT: Schering Corporation 

(ii) TITLE OF INVENTION: Mammalian TNF-a Converses 

(iii) NUMBER OF SEQUENCES: 21 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Schering-Plough Corporation 

(B) STREET: 2000 Galloping Hill Road 

(C) CITY: Kenilworth 

(D) STATE: New Jersey 

(E) COUNTRY: USA 

(F) ZIP: 07033-0530 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Macintosh 7.1 

(D) SOFTWARE: Microsoft Word 5.1a 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 
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(C) CLASSIFICATION: 
(vii) PRIOR APPLICATION DATA: 

5 

(A) APPLICATION NUMBER: US 08/678,916 

(B) FILING DATE: 12-JUL-1996 

1 0 (viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Dulak, Norman C. 

(B) REGISTRATION NUMBER: 31,608 

(C) REFERENCE/DOCKET NUMBER: JB0601 
(ix) TELECOMMUNICATION INFORMATION: 

2 0 (A) TELEPHONE: 908 298 2906 

(B) TELEFAX: 908 298 5388 

(C) TELEX: 

25 

(2) INFORMATION FOR SEQ ID NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 

3 0 (A) LENGTH: 699 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

35 

(D) TOPOLOGY: linear 

(ix) FEATURE: The residue at position -14 of the sequence is a 

phenylanine in the Swiss-Prot sequence, Accession 
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Code Swiss-Prot P01375, and as a serine in the 
UenBank sequence, Accession Number M 10988. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 

JSZ S £ SI Ter Met £ S ^ f? 2° ^ «* GAG GAG GCG 48 

-75 Ile Arg As P Val Glu Leu Ala Glu Glu Ala 

~ 70 -65 

2 So e e e e e 2 e e e r cog tcc ™ « » 

-60 ° iy Pro Gln G1 V Ser Arg Arg Cys Leu Phe 

" 55 " 50 -45 

" 35 -30 

E 2 2 E E £ 2 K 5 S S E E E 2 S 182 

-20 _ 15 

S E 25 E 2 E E S 2 E E E E E E E 250 

" 5 1 

E E £ S E E E E E S E 2 E E E S 288 

15 20 

o" s e e E 2 e s s r c r c cg = ^ *»* «* ™ »« 

y wn Leu Gin Trp Leu Asn Arg Arg Ala Asn Ala Leu 
3 30 35 

2 S E- E E E 2 E E E E 2 E E S E )84 

45 50 

E E 2 £ 2 £ E E E 2 2 " G ooc °* « «» 

s5 x±e Tyr Ser G,n Val Leu Phe Lys Gly Gin Gly 

60 65 

E £ E E E E 2 2 E E E 2 E 2 in 2 480 

75 80 

E E E E E E E 2 2 1™ 5=0 ATC " G ** « «• 

85 r in imr Lys v«l Asn Leu Leu s.t Ala II, Lys Ser Pro 



95 100 



£ E E E E S E S E E E E S E E S *« 



no 115 



SUBSTITUTE SHEET (RULE 26) 



WO 98/02557 PCT/US97/11637 

-43- 

CCC ATC TAT CTG GGA GGG GTC TTC CAG CTG GAG AAG GGT GAC CGA CTC 624 
Pro lie Tyr Leu Gly Gly Val Phe Gin Leu Glu Lys Gly Asp Arg Leu 
120 125 130 

5 AGC GCT GAG ATC AAT CGG CCC GAC TAT CTC GAC TTT GCC GAG TCT GGG 672 
Ser Ala Glu lie Asn Arg Pro Asp Tyr Leu Asp Phe Ala Glu Ser Gly 
135 140 145 

CAG GTC TAC TTT GGG ATC ATT GCC CTG 699 
1 0 Gin Val Tyr Phe Gly lie He Ala Leu 
150 155 

(2) INFORMATION FOR SEQ ID NO: 2: 
1 5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



20 



25 



30 



40 



(ix) FEATURE: There is an ambiquity in the residue at position 6 of 
the sequence, which may be either a Gly or an Asp. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Asn Ser Leu Leu Xaa Ser Ala Pro 
1 5 



(2) INFORMATION FOR SEQ ID NO: 3: 
(i) SEQUENCE CHARACTERISTICS: 
3 5 (A) LENGTH: 193 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Met Asp Tyr Lys Asp Asp Asp Asp Lys Gly Ser His Phe Gly Val lie 
1 5 10 15 
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Gly Pro Gin Arg Glu Glu Ser Pro Arg Asp Leu Ser Leu U e Ser Pro 
20 25 30 

Leu Ala Gin Ala Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro 

40 45 

Val Ala His Val Va l Ala Asn Pro Gin Ala Glu Gly Gin Leu Gin Trp 

55 60 
Leu Asn Arg Arg Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg 

70 75 80 

Asp Asn Gin Leu Val Val Pro Ser Glu Gly Leu Tyr Leu lie Tyr Ser 

85 90 95 

Gin Val Leu Phe Lys Gly Gin Gly Cys Pro Ser Thr His Val Leu Leu 



Thr His Thr He Ser Arg lie Ala Val Ser Tyr Gin Thr Lys Val Asn 

120 125 

Leu Leu Ser Ala ll e L ys Ser Pro Cys Gin Arg Glu Thr Pro Glu Gly 

135 140 

Ala Glu Ala Lys Pro Trp Tyr Glu Pro He Tyr Leu Gly Gly Val Phe 

50 155 160 

Gin Leu Glu Lys Gly Asp Arg Leu Ser Ala Glu He Asn Arg Pro Asp 

165 170 175 * 

Tyr Leu Asp Phe Ala Glu Ser Gly Gin Val Tyr Phe Gly lie He Ala 

185 190 



Leu 



(2) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ix) FEATURE: The residue at position 1 is Ser that has been 

dinitrophenylated at the cc-amino group; that at 
position 12 is Arg, the carboxyl terminus of which 
has been amidated. 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Xaa Pro Leu Ala Gin Ala Val Arg Ser Ser Ser Xaa 
1 5 10 

5 

(2) INFORMATION FOR SEQ ID NO: 5: 
(i) SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

15 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

2 0 TAGCGGTACC GCCCACACTG CCCGGCTGAC C 31 

(2) INFORMATION FOR SEQ ID NO: 6: 
(i) SEQUENCE CHARACTERISTICS: 

25 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

3 0 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ E> NO: 6: 

35 

CAACAAGCTT ACCACCACCT TGCTGACACT GGTC 34 

(2) INFORMATION FOR SEQ ID NO: 7: 

4 0 (i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

5 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

1 0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ACTAGAATTC AGAGCATGGG CAGCGACCCG AG 32 

(2) INFORMATION FOR SEQ ID NO- 8- 

15 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
2 0 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single - 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



PCTVUS97/1 1637 



25 



30 



35 



GCCCTTGAAC ACGAACATCT CC 22 

(2) INFORMATION FOR SEQ ID NO: 9: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

5 ACTATCTAGA GCCCCCTGAG CACCGTTAGC A 31 

(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

15 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



1 0 



20 



GCCACAGCCT ACCCAGCCTC TC 22 



(2) INFORMATION FOR SEQ ED NO: 11:. 

2 5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

30 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

3 5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 1 : 

TAGCGGTACC ACAGTTCACT ATGATCTTAC TCACA 3 5 

(2) INFORMATION FOR SEQ ID NO: 12: 

4 0 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

TAGCAAGCTT AGCCTGCTCC TAGCTAGGAA ACAGC 35 

(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
25 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 3: 

ACTAGGTACC ATGCGACTCA CCGTGCTG 28 

(2) INFORMATION FOR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

5 

CACAAGCTTG CTCACCGCCC CGCCGCCCT 29 

(2) INFORMATION FOR SEQ ID NO: 15: 
10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

1 5 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

2 0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

CTACGGTACC ACAATGAAGT TTCTTCTAAT AC 32 

(2) INFORMATION FOR SEQ ID NO: 16: 

25 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 28 base pairs 

3 0 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

CTTCTCTAGA CTAACAACCA AACCAGCT 28 

4 0 (2) INFORMATION FOR SEQ ID NO: 17: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
10 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

^ CTTCCGGGTA CCCGGAAGAT GGTGTTGCTG AGAGTG 36 

(2) INFORMATION FOR SEQ ID NO: 18: 
(0 SEQUENCE CHARACTERISTICS: 
2 0 (A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

2 5 6 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

3 0 CGTTAAAAGC TTTTAACGTC TCATGTGTCC CATCTG 36 

(2) INFORMATION FOR SEQ ID NO: 1 9: 
^ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 9: 

ACCGGGATCC ATGAGCACTG AAAGCATGAT C 31 

(2) INFORMATION FOR SEQ ID NO: 20: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 base pairs 

1 5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ED NO: 20: 

GTCTGGATCC GAATCCCAGG TTTCGAAGTG GT 32 

2 5 (2) INFORMATION FOR SEQ ID NO: 2 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2352 base pairs 

30 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

3 5 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ED NO: 21 : 



SUBSTITUTE SHEET (RULE 26) 



96 



44 



WO 98/02557 

PCI7US97/1I637 

E S E S ESEEEEES E E S £ - 

10 15 

E E E E E 2 E E E « E 2 E EE E 

25 30 

£n SJ S £s £ I 0 ' ™**-*C ATT CCC TCA 

Y 35 CyS uys Gly Ser Ser Gly Ser Leu Asn Ser lie Pro Ser 

40 45 

S 2 S E S E £ £ 2 -J E E - - « « » 
S E E E 2 E E E S E E E E E E E 2 " 

75 80 

2 S? S S E £ - - Asn S i2 g; - - E S - 

E Ser Leu §£ £ Lei SI f C ™ ™ " T ™ ™ 336 

100 HlS LeU ASP Leu Ser Asn Tyr Leu 

105 110 

E E E E E E S E r ? c f" TCT TCT ™ SCA TO »« 

115 Trp Pne Lys Pro Leu Ser Ser Leu Thr Phe 

12 5 

E E E E S E S E £ S E E S S S 2 «» 

35 140 145 

Phi Ser Hil 5nr Lys ITu ^ f* ^ ^ ™ ™ ™ <*0 

u inr Lys Leu Gin lie Leu Arg Val Gly Asn Met Asp 

152 160 

i£ P^e J£ 'iJS if St* AGA 6AT TTT GCT GGA CTT ACC TTC CTT =o 8 

Phe Thr Lys i le Gin Arg Lys Asp Phe Ala Gly Leu Thr PhS HI ^ 

170 175 

SEESESEEEEEEESSE " 

S = «2SEEEEEEEEESE 621 
E E E 2 E S E E E S S E S E E E 672 

si e e e e e e £ E r c r to cat ™ ™ ™ 

230 LSU Asp Thr Phe His Phe Ser 

235 240 

E E E £ E E £ E E E E r MG TTT *» ™ «• 

y xu mr Asn Ser Leu Ile Lys Lys Phe Thr Phe 
"° 255 



SUBSTITUTE SHEET (RULE 26) 



WO 98/02557 



-53- 



PCIYUS97/11637 



AGA AAT GTG AAA ATC ACC GAT GAA AGT TTG TTT CAG GTT ATG AAA CT 816 
Arg Asn Val Lys lie Thr Asp Glu Ser Leu Phe Gin Val Met Lys Leu 
260 265 270 

TTG AAT CAG ATT TCT GGA TTG TTA GAA TTA GAG TTT GAT GAC TGT AQC 864 
Leu Asn Gin lie Ser Gly Leu Leu Glu Leu Glu Phe Asp Asp Cys Th- 
275 280 285 290 

CTT AAT GGA GTT GGT AAT TTT AGA GCA TCT GAT AAT GAC AGA GTT ATA 912 
Leu Asn Gly Val Gly Asn Phe Arg Ala Ser Asp Asn Asp Arg Val He 
295 300 305 

GAT CCA GGT AAA GTG GAA ACG TTA ACA ATC CGG AGG CTG CAT ATT CCA 960 
Asp Pro Gly Lys Val Glu Thr Leu Thr lie Arg Arg Leu His He P-o 
310 315 320 

AGG TTT TAC TTA TTT TAT GAT CTG AGC ACT TTA TAT TCA CTT ACA GAA 1008 
Arg Phe Tyr Leu Phe Tyr Asp Leu Ser Thr Leu Tyr Ser Leu Thr Glu 
325 330 335 

AGA GTT AAA AGA ATC ACA GTA GAA AAC AGT AAA GTT TTT CTG GTT CCT 1056 
Arg Val Lys Arg He Thr Val Glu Asn Ser Lys Val Phe Leu Vai Pro 
340 345 350 

TGT TTA CTT TCA CAA CAT TTA AAA TCA TTA GAA TAC TTG GAT CTC AGT 110*4 
Cys Leu Leu Ser Gin His Leu Lys Ser Leu Glu Tyr Leu Asp Leu Ser 
355 360 365 370 

GAA AAT TTG ATG GTT GAA GAA TAC TTG AAA AAT TCA GCC TGT GAG GAT 1152 
Glu Asn Leu Met Val Glu Glu Tyr Leu Lys Asn Ser Ala Cys Glu Asp 
37 5 380 385 

GCC TGG CCC TCT CTA CAA ACT TTA ATT TTA AGG CAA AAT CAT TTG GCA 1200 
A-La Trp Pro Ser Leu Gin Thr Leu He Leu Arg Gin Asn His Leu Ala 
3 90 395 400 

TCA TTG GAA AAA ACC GGA .GAG ACT TTG CTC ACT CTG AAA AAC TTG ACT 1248 
Ser Leu Glu Lys Thr Gly Glu Thr Leu Leu Thr Leu Lys Asn Leu Thr 
405 410 415 

AAC ATT GAT ATC AGT AAG AAT AGT TTT CAT TCT ATG CCT GAA ACT TGT '296 
Asn He Asp He Ser Lys Asn Ser Phe His Ser Met Pro Glu Th- Cys 
420 425 430 

CAG TGG CCA GAA AAG ATG AAA TAT TTG AAC TTA TCC AGC ACA CGA ATA 13 44 
Gin Trp Pro Glu Lys Met Lys Tyr Leu Asn Leu Ser Ser Thr Arg He 
435 440 445 450 

CAC AGT GTA ACA GGC TGC ATT CCC AAG ACA CTG GAA ATT TTA GAT GTT 13 92 
His Ser Val Thr Gly Cys He Pro Lys Thr Leu Glu He Leu Asp Val 
455 460 465 

AGC AAC AAC AAT CTC AAT TTA TTT TCT TTG AAT TTG CCG CAA CTC AAA 1440 
Ser Asn Asn Asn Leu Asn Leu Phe Ser Leu Asn Leu Pro Gin Leu Lys 
470 475 480 

GAA CTT TAT ATT TCC AGA AAT AAG TTG ATG ACT CTA CCA GAT GCC TCC 1488 
Glu Leu Tyr lie Ser Arg Asn Lys Leu Met Thr Leu Pro Asp Ala Ser 
485 490 495 
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505 510 

Shr Phi III Its Sf* 5" GAC TCA TTT ™C ACA CTG AAG ACT TTG 1584 

inr Phe Ser Lys Glu Gin Leu Asp Ser Phe His Thr Leu Lys Thr Leu 

520 525 

Si til ST n? C ^ ^ TTC ATT TGC TCC TGT GAA TTC CTC TCC TTC ' 632 
Glu Ala Gly Gly Asn Asn Phe lie Cys Ser Cys Glu Phe Leu III III 
535 5 4 o 545 

HI 111 lit Oil Gin 2* 5™ 2* *** TTG ATT GAT TGG GCA 1680 

nr Gin Glu Gin Gin Ala Leu Ala Lys Val Leu lie Asp Trp Pro Ala 

30 555 560 

AAT TAC CTG TGT GAC TCT CCA TCC CAT GTG CGT GGC CAG CAG GTT CAG 1798 
Asn Tyr Leu Cys Asp Ser Pro Ser His Val Arg Gly G^n oil vll ITn 8 
30:> 570 575 

GAT GTC CGC CTC TCG GTG TCG GAA TGT CAC AGG ATA GCA CTG GTG TCT 1776 
Asp Val Arg Leu Ser Val Ser Glu Cys His Arg He Ala Leu SI? Ill 

585 590 

Glv Sir GCT CTG TTC CTG CTG ATC CTG CTC ACG GGG GTC CTG 1824 

Gly Met Cys Cys Ala Leu Phe Leu Leu He Leu Leu Thr Gly vll lIu 

5 600 605 610 

TGC CAC CGT TTC CAT GGC CTG TGG TAT ATG AAA ATG ATG TGG GCC TGG 187? 
Cys His Arg Phe His Gly Leu Trp Tyr Met Lys Met Met £p S HI 
615 620 525 

CTC CAG GCC AAA AGG AAG CCC AGG AAA GCT CCC AGC AGG AAC ATA TGT 1920 
Leu Gin Ala Lys Arg Lys Pro Arg Lys Ala Pro Ser Arg A^n lie Jyl ° 
630 635 6 4o 

TAT GAT GCA TTT GTT TCT TAC ACT GAG CGG GAT GCC TAC TGG GTG GAG 1968 
Tyr Asp Ala Phe Val Ser Tyr Ser Glu Arg Asp AlaTyr Trp vll lit 
645 650 655 

AAC CTA ATG GTC CAG GAG CTG GAG AAC TTC AAT CCC CCC TTC AAG TTG 2 0 1 fi 
Asn Leu Met Val Gin Glu Leu Glu Asn Phe Asn Pro Pro lit % s Ht 



S HI K K £ Z III S £ S £ 5 S A II £ IS 2064 

680 635 690 

A I°. tTI ? A ° I CC A T T GAA AGC CAC AAA ACT GTC TTT GTG CTT TCT 2112 

xle lie Asp Ser lie Glu Lys Ser His Lys Thr Val Phe Val Leu Ser 
695 700 705 

GAA AAC TTT GTG AAG ACT GAG TGG TGC AAG TAT GAA CTG GAC TTC TCC 2160 
Glu Asn Phe Val Lys Ser Glu Trp Cys Lys Tyr Glu Leu Asp Phe sir 
710 715 720 

C AT TTC CGT CTT TTT GAT GAG AAC AAT GAT GCT GCC ATT CTC ATT CTT ^208 
His Phe Arg Leu Phe Asp Glu Asn Asn Asp Ala Ala lie Leu lie III 
U * 730 735 

Su lit Pro ill lit Ts L^ ?* T CGC ™ TCC ™ GTG 2256 

Glu Pro lie Glu Lys Lys Ai a lie Pro Gin Arg Phe Cys Lys Leu 

"* u 745 75 0 
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CGG AAG ATA ATG AAC ACC AAG ACC TAC CTG GAG TGG CCC ATG GAC GAG 2304 
Arg Lys lie Met Asn Thr Lys Thr Tyr Leu Glu Trp Pro Met Asp Glu 
755 760 765 770 

GCT CAG CGG GAA GGA TTT TGG GTA AAT CTG AGA GCT GCG ATA AAG TCC 23 52 
Ala Gin Arg Glu Gly Phe Trp Val Asn Leu Arg Ala Ala lie Lys Ser 
775 780 785 
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WHAT IS CI,,AIM FD TS - 

1. An isolated bovine TNF-a convertase characterized by: 

(a) an amino acid sequence comprising a sequence defined 
by SEQ ID NO: 2, 

(b) an apparent molecular weight in SDS-PAGE of about 65 
kDa, and 

(c) an ability to cleave human proTNF-oc to produce soluble 
mature human TNF-a. 

2. An antibody which specifically binds to the bovine TNF-a 
convertase of claim 1. 

3. The antibody of claim 2 which is a monoclonal antibody. 

4. An isolated or recombinant nucleic acid encoding the bovine 
INF-a convertase of claim 1. 

5. A recombinant vector comprising the nucleic acid of claim 4. 

6. A host cell comprising the recombinant vector of claim 5. 

7. A method for making a TNF-a convertase comprising culturing 
a host cell of claim 6 under conditions in which the nucleic acid is 

expressed. 

8. The method of claim 7 in which the convertase is isolated 
irom the culture. 

9. A method for identifying an inhibitor of a mammalian TNF-a 
convertase, comprising: 

(a) contacting a mammalian TNF-a convertase in the 
presence of substrate with a sample to be tested for the presence 
of an inhibitor of the convertase; and 

(b) measuring the rate of cleavage of the substrate; 
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whereby an inhibitor of the TNF-a convertase in the sample is 
identified by measuring substantially reduced cleavage of the 
substrate, compared to what would be measured in the absence of such 
inhibitor. 

5 10. The method of claim 9 which further comprises: 

(a) contacting a matrix-degrading metalloprotease in the 
presence of substrate with an inhibitor of a TNF-a convertase; 
and 

(b) measuring the rate of cleavage of the substrate; 

1 0 whereby a specific inhibitor of a TNF-a convertase is identified by 
measuring substantially undiminished cleavage of the substrate, 
compared to what would be measured in the absence of such inhibitor. 

11. The method of claim 10 in which the matrix-degrading 
metalloprotease is selected from the group consisting of MMP-L MMP- 

1 5 2, MMP-3. MMP-7, MMP-8, MMP-9 and MMP-10. 

12. The method of claim 9 in which said contacting occurs on the 
surface of a mammalian host cell comprising one or more nucleic acids 
encoding a mammalian protein which produces TNF-a convertase 
activity, and a substrate of the convertase. 

2 0 13. The method of claim 10 in which said contacting occurs on 

the surface of a mammalian host cell comprising one or more nucleic 
acids encoding a matrix-degrading metalloprotease and a substrate of 
the protease. 

14. The method of claim 12 in which the host cell is from human 

2 5 embryonic kidney cell line 293 or a clone thereof. 

15. The method of claim 12 in which the substrate is human 
proTNF-a. 

16. The method of claim 12 in which the mammalian protein is 
selected from the group consisting of bovine ADAM 10; human ADAM 

3 0 10; human matrix-type metalloproteases MT-MMPl, MT-MMP2 

and MT-MMP3; and a protein comprising an amino acid sequence 
defined by SEQ ID NO: 21. 
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17- A method for identifying a nucleic acid encoding a 
mammalian TNF-cc convertase, comprising: 

(a) culturing a mammalian host cell comprising a first 
recombinant expression vector comprising a nucleic acid encoding 
a TNF-cc convertase substrate and a second recombinant 
expression vector comprising a nucleic acid that is to be tested to 
determine whether it encodes a mammalian TNF-a convertase 
under conditions in which expression occurs; and 

(b) measuring the rate of cleavage of the substrate; 

whereby a nucleic acid encoding a mammalian TNF-a convertase is 
identified by measuring substantially increased cleavage of the 
substrate, compared to what would be measured in the absence of such 
nucleic acid. 

18- The method of claim 17 in which the host cell is a cell from 
human embryonic kidney cell line 293 or a clone thereof. 

proTN^a meth ° d ° f daim 17 ^ WHiCh substrale is hu ™n 

20 - An isoIa ^ Protein comprising an amino acid sequence 
defined by SEQ ID NO: 21. 

21. An isolated or recombinant nucleic acid encoding the protein 
of claim 20. F 

22. The nucleic acid of claim 21 which comprises a nucleotide 
sequence defined by SEQ ID NO: 21. 

23. A recombinant vector comprising a nucleic acid of claim 



21 



24. A host cell comprising a recombinant vector of claim 23. 

25. A method for making a protein comprising culturing a host 
cell of claim 24 under conditions in which the nucleic acid is expressed. 

26. The method of claim 25 in which the protein is isolated from 
the culture. 
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mixture of DNP-SPJLAQA and DNP-SPLAQ 
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